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SUMMARY 
Part 1 
A mild. one-stage process has been developed for 
the preparation of primary and secondary alkyl chlorides 
by the reaction of the corresponding alcohols with phosphoro,us 
trisdimethylamide and carbon tetrachloride. In particular 
in this work the stability of common sugar protecting groups 
towards- the reagent was examined. A number of model compounds 
containing acetal-. ether-. or ester groups in addition to 
free hydroxyl group were examined. They were found to 
undergo a smooth conversion of hydroxyl to halide with no 
effect on other groups in the molecule. 
This rapid. high yield reaction proceeds with inversion 
of configuration and without evidence of isomerisation. The 
mechanism of the reaction and its extension to include other 
polyhalogenated hydrocarbons are discussed. Fbr example. by 
using bromoform or carbon tetrabromide the method has been 
extended to the synthesis of alkyl bromides. 
Part 2 
The reaction of tertiary phosphine oxide anions with 
carbonyl compounds discovered by Homer ~ has been used 
in attempts to extend it for the preparation of phosphinic 
acids especially unsymmetrical phosphinic acids. The method 
was found to be of limited application. 
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INTRODUCTION 
Alkyl halides are useful intermediates in organic 
chemistry. Apart from their use in malonio ester, Friedel-
Craft, Grignard and Wittig syntheses, a host of elimination 
and replacement reaotions are possible. Hence, a great 
deal of research has been directed towards their preparation. 
There are various routes for preparation of monohalogenated 
compounds: Qy the direct action of halogen upon saturated 
hydrocarbon, by addition of hydrogen halide to an olefin or 
Qy nucleophilic displacement of the hydroxy group of an 
alcohol using a halogen carrier. It is the last of these 
reactions, which is the most generally applied, for in the 
absenoe of rearrangement the site of introduction is unequiv-
ocal. 
An unmodified hydroxyl group cannot be displaced from 
1 
a saturated alkyl compound. Thus direct reaotion with 
halide ion does not take place. The reaction normally 
proceeds in two steps: the hydroxyl group must be modified 
in such a manner as to make its expulsion possible, before 
nucleophilic substitution by halide ion can occur. This 
modification is aohieved Qy protonation in reaction with 
halogen acids and Qy ester formation in reaction with 
anhydrous aluminium halides, thionyl chloride, phosphorus 
halide and other halogenating agents. 
Several preparations of alkyl halides involve the 
reactions of alcohols with phosphorus halides. These reactions 
are many and various, but in general halogenation involves 
-1-
two steps: firstly the formation of a quasi-phosphonium 
salt which is followed by nucleophilic attack of halide ion 
on the carbon atom of the C-O-P(+)linkage, yielding the 
2 
alkyl hal1de. Gerrard proposed for the well-known 
reaotion of alcohol, ROH with phosphorus pentaohloride, 
PC15 the following meohanism. 
P+Cl
4 
Cl- ROH • 
PCl5 -- ROP+CI3Cl-+HCl 
(I) 
Cl-iR.Q.P+CI3 - ClR + O=PCl3 
'!be disadvantages of using phosphorus hal1des are that 
2 (a) elimination and rearrangement reaotions may arise 
(b) some of the alcohol may end up as a stable phosphate 
ester 3 thus reduoing the yield and (0) the aoidic nature 
of the reaotion by-produots may affeot organio molecules. 
Organophosphorus halides were developed to reduce, or 
eliminate, these possibilities. 
Perhaps one of the be,st known reactions involving this 
class is that of Rydon and Landauer~,5,6 '!bese workers 
made use of the fact that triphenyl phosphite forms with 
methyl iodide, a stable quasi-phosphonium salt (n), which 
dearylates only at high temperature. 'lhis salt undergoes 
rapid transesterfication with aliphatio aloohols. This 
newly formed salt (In) then undergoes ready dealkylation: 
-2-
(PhO);l: + ca, - I -~~ (PhO)3 p+cm, l-
(Il) 
(PhO)3 P+~l- + ROH - (PhO)2 P+(OR)~ l- + PhOH 
(IlI) 
I!). R -0- P+(OPh)2~ -.. I - R + 0 = P(OPh)2~ 
When an optically active secondary alcohol, ROH, was 
used a completely inverted alkyl halide was obtained in 
agreement with the accepted mechanism for the Arbusov 
reaction.5,6 
In the Rydon reaction, phenol and phosphonate are also 
produced, although these by-products are less troublesome than 
those formed during the reaction of alcohol with phosphorus 
hal1des (namely phosphoryl halide and halo acids) the 
reaction conditions are, however, still not neutral. For 
systems, which are sensitive to such conditions, the Rydon 
method will obviously be unsuitable. 
Wiley7,8,9 recently described an extremely useful method 
for the conversion of alcohols or phenols to alkyl or aryl 
hal1des, without isomerisation, involving the reaction of 
dihalotriphenyl(or tributyl)phosphorane, with alcohols. 
~p(+)X X(-)+ R'OH fas( ~P(+)OR'X(-) ~ ~P=O + R'X 
+!IX 
x = Br, Cl 
As a result of study of its stereochemistry and kinetics, 
10 WHey has proposed for the reaction with alcohols, that the 
reaction probably proceeds b.Y way of the rapid irreversible 
formation of an alkoxy(trialkyl or triaryl)phosphonium inter-
mediate, followed by its slow decomposition to alkyl halide 
and phosphine oxide b.Y way of an SIl displacement. 
The reactivity of alcohols towards tertiary phosphine 
dihalides parallel the general order of reactivity of the 
particular carbon skeleton in SIl reactions. Neopentyl,9 
11 
endo-norbornyl, and 7-norbornyl alcohols were converted 
to the corresponding hal1de without rearrangement, therefore 
it can be concluded that this reaction must involve a 
concerted displacement process at the carbon atom llndergoing 
the reaction. 
Support for the above mechanism has been provided by 
the isolation and charaoterisation of (2,2,2-triphenylethoxyl)-
12 tributylphosphonium bromide, during the reaction of 
2,2,2-triphenylethanol with dibromotributylphosphorane and 
also by the isolation and identifioation of norbornoxy-
11 triphenylphosphonium bromide salt formed from both endo-
and 7-norbornanol reactions with dibromotriphenylphosphorane. 
On heating, these salts deoomposed to give the appropriate 
alkyl bromide with inversion of oonfiguration. 
t'/Hey's method is extremely useful and less oomplicated 
than the previous routes, sinoe the quasi-phosphonium 
derivative has only one replaoeable group, however, the 
drawbaok is that the reaotion conditions are not neutral due 
to formation of halo acids. 
-4-
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Further progress in this field has recently been made 
for the preparation of alkyl halides, thus. Downie, Holmes 
and !eel' and !ee and Nolan14 of this laboratory and Hooze 
and Gilani~5 reported the formation of primary and secondary 
alkyl halides in good yields by interaction of tertiary 
phosphine with carbon tetrahalides in the presence of the 
corresponding alcohol. 
!JP + CX4 + R'OH -+ R'X + ems + n,p = 0 
R = C6H5 , n-Cn7 X = Cl, Br 
The reaction is of quite general scope and has the 
advantage of proceeding under mild conditions, neutral by-
products being formed. 
TWo mechanisms have been suggested for the oxidation 
of trivalent phosphorus derivative, during the reaction with 
carbon tetrahalides in the presence of alcohol. The first 
161718 
mechanism ' , proposed for the reaction of carbon 
tetrahalide with triethyl phosphite (radical process) and 
subsequent alcoholysis of the intermediate trichloromethyl-
phosphonium ion ~Ias as follows : 
CC14 + ~t), - CC1,P+(OEt), Cl-
I 
CC1:vP+(OEt),Cl- - CHC1, + (Eto)4P+Cl-
~Et 
The other path (ionic process) postulated for both 
phosphines and phOSphites,19 involves the reaction of 
halo phosphonium saltII with the alcohol. 
-5-
~P: ~Clftcl, - ~P+Cl CC13ROH t ~P+OR Cl-
(II) + CHC13 
~P+OR Cl- --+ ~P = 0 + RCl 
Since, it is lmown that phosphorous trisdirnethylamide, 
(Me2N),p, reacts with carbon tetrachloride, to give a 
compound of the type I, [(Me2N ),PCCl,]+ Cl -2~ it was 
decided to investigate the reaction of alcohols in the 
presence of carbon tetrahalides (or other polyhaloalkanes). 
It was hoped to elucidate the mechanism by which these reactions 
proceed, and also to determine their potential in alkyl halide 
preparation. 
-6-
Results and Discussion 
2l The .arbusov reaction (eqn.l) involves nucleophilio 
attack by a tervalent PhosPhorus compound on an alkyl 
hal1de to give, initially, a quasi PhosPhonium salt (I), 
and proceeds to yield an alkyl hal1de by fUrther nucleoPhilic 
attack of hal1de ion upon the alkyl group, with simultaneous 
displacement of a pentavalent compound containing a Phosphoryl 
group. The driving force for this final process and for many 
reactions of Phosphorus compounds is the high bOnd energy of 
the Jilosphoryl group (P=O) (140 k cal./mole approx.). 
Kamai and co_workers22 and KOsolapofi23 showed that 
tri~ethyl phosphite and carbon tetrachloride underwent an 
Arbusov-type of reaction resulting in good yield of diethyl 
trichloromethylphosphonate (11) (eqn.2). 'lh1s reaction was 
catalysed by peroxides or ultraviolet light, and accordingly 
24 it has been formulated by Kamai and Kharrasova as a radical-
chain sequence (eqns. 3, 4 and 5). Subsequent research on 
, 
this reaction by Griffin25 and Cadogan et al,26 confirmed 
the radical nature of this reaction. 
More recently, Crofts and Downie,19 and Cadogan and 
Burn16,l7 observed ethyl halide formation, when the reaction 
between triethyl phosPhite and carbon tetrachloride was 
conducted in ethanol. Other products were chloroform and 
triethyl phosphate. 'lh1s reaction was bel1eved by these 
workers to proceed by the solvolysis of the intermediate (Ill) 
to give a second quasiphosphonium salt (IV), which then 
-7-
underwent the normal Arbusov-type breakdown to give the 
triethyl phosphate and ethyl halide (eqns. 6 and 7). 
However. this process may be discounted as a usefUl. general 
method of halide preparation. since the formation of one 
halide product only would require that all alko~ groups 
in ions of type (IV) were the same. a condition limited by 
the availability of trialkyl phosphites. 
1) (RO) P + R'X --+ (RO) P(+)R'X(-)---
3 3 (I) 
2) 
4) 
5) 
6) 
(EtO)3P + CC14 -+ (~~0)2P(0)CC13 + Et Cl 
• (II) 
(EtO)l + CQ13 --+ (EtO)l·CC13 
(EtO)3P·CC13 + CCl4 -+ (EtO)3P(+)CC13Cl(-)+ CC13 (Ill) 
(EtO)3P(+)CC13Cl(-) --+ (EtO)2P(0)CC13 + EtCl 
(EtO) P(+)CCl Cl(-)+ EtOH --+ (EtO) p!+)Cl(,-)+CHCl 
3 3 (I~) 3 
(EtO)4P(+)Cl(-) --+ (EtO)l(O) + EtCl 
When the triethyl phosphite was replaced by tertiary 
phosphine (usually triphenylphosphine) in the above reaction. 
excellent yields of alkyl halides were reported.13,14,15 
Other products were halo forms and tertiary phosphine oxide. 
A somewhat similar mechanism was suggested to explain the 
formation of these products. In this case, with ion (V). 
only one mode of breakdown is possible (eqns. 8. 9 and 10). 
8) 
9) 
10) 
-8-
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'nle reaotion is of quite general scope and has the 
advantage of prooeeding under mild conditions and neutral 
by-products being formed. However, the removal of tertiary 
phosphine oxide from the alkyl halide, in many cases, presented 
some difficulty. Therefore, some modification of the reaction 
seemed desirable. In this work, it was decided that more 
convenient procedure might lie in the use of phosphorous 
trisdimethylamide, p(NMe2)3' in place of tertiary phosphine. 
This it was hoped, should react in an analogous manner to 
yield the water soluble phosphoric trisdimethylamide, 
PO(NMe2)3' which would be readily separable from the desired 
produot (alkyl halide). 
When an ethereal solution of phosphorous trisdimethyl-
amide was added dropwise to an equimolar amount of the alcohol, 
dissolved in exoess of carbon tetrachloride in ether, an 
exothermic reaction ensued. Gas-liquid chromatographic 
analysis showed that the reaction was soon complete. and 
the alkyl chloride was readily separated from the phosphorio 
trisdimethylamide by extraction of the latter into water. 
, 
Primary aloohols reacted more readily than secondary alcohols; 
the latter therefore required higher temperatures, and longer 
reaction times. Yields in the case of al1phatic primary and 
secondary alcohols vary from 70-9% (Table 1). Tertiary 
alcohols gave unsatisfactory results with the reagent. The 
incursion of a competing olefin-forming elimination process 
renders this method of limited value for tertiary chloride 
preparation. 
-9-
TABLE 1 
Reaction of Phosphorous Trisdimethylam1de with Carbon 
Tetrachloride in the PresenCe of Alcohols 
Alcohols Chlorides Yield % 
n-Butanol n-Butyl Chloride 84 
s-Butanol a-Butyl Chloride 61 
iso-Butanol iso-Butyl Chloride 90 
n-Pentanol n-Pentyl Chloride 83 
n-Hexanol n-HeXYl Chloride 80 
n-Heptanol n-Heptyl Chloride 85 
n-Octanol n-Octyl Chloride 79 
Crotyl alcohol Crotyl Chloride 94 
Ethylene Chlorohydrin Ethylene Chloride 69 
Ethylene 1,2 diol a) Ethylene Chloride 25 
, 
b) Ethylene Chlorohydrin 50 
t-Butyl alcohol t-Butyl Chloride 1 
2-Methyl-pentan-2-ol 2-Methyl-2-chloro-pentane 6 .) 
Comparisons of infrared, proton magnetic resonance spectra 
and retention times on gas-liquid chromatographs of the products 
with those of authentic material, were made in each case. 
HaVing established that the reaction occurred smoothly 
with aliphatic alcohols, the reaction of the reagent with 
a number of compounds containing acetal-, ether-, or ester 
groups in addition to a free hydroxyl group was investigated. 
-10-
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These compounds were found to undergo smooth conversion of 
hydroxyl group to chlorida with no effect on other groups 
in the molecule. Thus. for example. 1.2-Q-isopropylidene 
glycerol with equimolar amounts of phosphorous trisdimethyl-
amide and carbon tetrachloride in ether. yielded 78~ of 
the )-deoxy-3-chloro derivative. characterised h1 physical 
data. infrared (i.r.) and proton magnetic resonance (p.m.r.) 
spectroscopy and h1 elemental analysis. Further examples are 
listed in Table (2). 
TABLE II 
Reaction of Phosphorous Trisdimetbylamide with Carbon 
Tetrachloride in the Presence of Alcohols 
Alcohols Chlorides Yield Physical 
~ Constants 
2-Acetoxyethanol 2-Chloroethyl acetate 68 b.p.144-14~ 
L 
4-Acetoxybutanol 4-Chlorobutyl acetate 71 b.p.85-90/15mm Hg 
Glyoolic aldehyde Chlorodiethyl acetal 78 0 b.p.148-155 • 
diethyl acetal ~1.4160 
2-Hydroxyethyl 2-Chloroethyl methyl 81 b.p.92_g4°. 
methyl ether ether r£~.4108 
2-Hydroxyethyl 2-Chloroethyl ethyl 84 b.p.107-l09, 
ethyl ether ethyl n;Ol.4118 
2-Hydroxyethyl 2-Chloroethyl butyl 69 b.p.l32-l38 
butyl ether ether 
It was concluded that the reaction would offer a route 
to deoxyhalo sugars employing the mild conditions 
desirable in carbohydrate conversions. 
-ll-
1,2: 3, l!-ch.-O-i SOt rOfyli1ene- - :;-g:ll3.ctospyr:tnose 
- -
1IIIIrll 
I-t 5 
IL 
I I I III I I I 
6 
6 c./sec./un~t 
8 9 
I I I 
to 
In view of the above observation the reaction of 
1,2:3,4-di-O-isopropylidene-a-D-glactopyranose with the 
- --
reagent was examined. This reaction again was found to 
proceed rapidly, from which the 6-chloro-6-deoxy-1.2:3,4-
di-Q-isopropylidene-!-glactopyranose was obtained in good 
yield. The product was obtained as a colourless syrup and 
was characterised by gas-liquid chromatography, physical 
measurements, i.r., p.m.r., and elemental analysis. Its 
physical constants are in agreement with those previously 
reported in the literature.27 
The solvent effects are clearly indicated during the 
reaction of the reagent with cyclohexanol. Thus, reaction 
of equimolar proportions of phosphorous trisdimethylam1de, 
carbon tetrachloride, and cyc1ohexanol in boiling ether 
(~hr.) gave cyclohexene (20%), cyclohexyl chloride (1~), 
cyolohexanol (62%) and trichloromethyltrisdimethylamino-
phosphonium chloride (52%). In tetrahydrofuran more 
dehydration occurred (6~) together with a small inorease 
in the cyclohexyl chloride yield (23%). However, when 
this reaction was conducted in carbon tetrachloride, the 
opposite was observed, with a substantial increase in the 
yield of oyclohexy1 chloride (58%). 
In the light of these findings, the preparations of 
cholesteryl, bornyl and isobornyl chlorides from the reaction 
of their alcohols with this reagent in carbon tetrachloride 
were attempted. These reactions led to negligible amounts 
of the corresponding ohlorides, the main products were 
dehydrated materials. ~rith cholesterol a mixture of 
-12-
A2,3 and d,5 cholestadienes (65%) was observed. In 
the case of borneol and isoborneol reactions, the chief 
products,showed no chlorine content, and had a retention 
time on gas-liquid chromatography identical with that of 
pinene. No further serious attempt was made to elucidate the 
structure of this product. 
Acids, also reacted with the reagent to give reasonable 
yields of acid Chlorides. Thus, reaction with acetic and 
benzoic acids gave 4~ and 49% of acetyl and benzoyl chlorides 
respectively. These chlorides were characterised as ethyl 
esters and anilides, which showed identical physical data 
and l.r. spectra with authentic samples. 
By the use of polyhalogenoalkanes other than carbon 
tetrachloride, the phosphorous trisdimethylamide-alcohol 
reaction should in principle lend itself to the synthesis of 
bromo and iodo compounds and possibly, although more doubtfully, 
fluoro compounds. Some investigation was made of the use of 
carbon tetrabromide and bromotrichloromethane in place of 
carbon tetrachloride. Thus, when an ethereal solution ot 
phosphorous trisdimethylamide was added dropwise to 
equimolar quantities of carbon tetrabromide and n-butancl 
in ether, a vigorous reaction ensued from which n-butyl 
bromide (77%) was isolated. Bromoform and phosphoric 
trisdimethylamide also were formed. The bromoform was 
identical in physical properties and behaviour on gas-
liquid chromatography with an authentic sample. The 
n-butyl bromide, which analysed correctly for the expected 
-13-
produot. had physical constants in agreement with literature 
values. and had the expected infrared and proton magnetic 
resonance spectra. 'lhe results of a series of primary and 
seoondary alcohols are given in Table (Ill). 
TABLE III 
Reaction of Fhosphorous Trisdimethylam1de w1 th Carbon 
Tetrabromide in the Presenoe of Alcohols 
Alcohols 
Benzyl alcohOl 
Allyl alcohol 
n-Butyl alcohol 
s-Butyl alcohol 
iso-Propyl alcohol 
Bromides 
Benzyl bromide 
Allyl bromide 
n-Butyl brom1de 
s-Butyl bromide 
iso-Propyl bromide 
Yield ~ 
83 
78 
7} 
68 
7l 
Under the same conditions and by replacement of carbon 
tetrabrom1de with bromoform in the above reaction. the 
brom1nat1on of alcohol was also achieved. For example. 
l.2~-isopropylidene glycerol reacted to give l.2-Q-isopropylidene-
3-deoxy-3-bromo glycerol in 67% y1eld. methylene bromide and 
phosphonic trisdimethylam1de also being produced. Other 
examples are listed in Table (IV). 
-14-
TABLE TV 
Reaction of Phosphorous Trisdimethylamide with Bromoform 
in the Presence of Alcohols 
Alcohols Bromides Yield 1 
!!,-Octanol !!,-Octyl bromide 77 
!!,-a.ttanol n-Butyl bromide 8} 
~-Butanol ~-Butyl bromide 6l. 
n-Propanol !!,-Propyl bromide 87 
l,2-Q-isopropylidene l,2-Q-isopropylidene- 67 
glycerol }-bromo-}-deoxy glycerol 
The reaction with bromoform, was less vigorous, and a 
practically colourless solution was obtained. 
In contrast to the deoxychlorosugars of the type 
described above, glycosyl bromides are extremely reactive, 
as are most a-haloethers, and are among the most useful 
intermediates for synthesis in the carbohydrate field. 
The Mechanism of Phosphorous Trisdimethylamide/Carbon Tetrachloride 
Reaction. 
Phosphorous trisdimethylamide, (Me2N)3P' has been shown 
to react with carbon tetrachloride, to give trichloromethyl-
trisdimethylaminophosphonium chloride 20(VI) (eqn.ll). 
(ll) (Me2N).,.P + CCl4 - (Me N) P(+)CCl Cl (-) 
-' 2 ,} (Vl) ,} 
No mechanism was suggested for this reaction. However, by 
analogy on the reaction of neutral trivalent phosphorous 
compounds with perhalomethanes, two mechanisms seem possible 
for this reaction 
-15-
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a) A free-radical mechanism as proposed for the reactions 
with trialkyl phosphit~ 
b) An ionic mechanism as was suggested for reactions with 
tertiary phosphines. 
a) Free-radical mechanism 
This mechanism (eqns. 12 and 13) was originally proposed 
24 by Kamai and Kharrosova for the reaction between trialkyl 
phosphite and carbon tetrachloride to give dialkyl 
trichloromethylphosphonate (VIII) (eqn. 14). 
(12) 
(13) 
'Cel3 + (RO)3P - (RO)l'CC13 
(RO)3P'CC13 + CC14 - (RO)3P(+)CC13Cl(-)+ 'CCl (VII) 3 
'!he quasiphosphonium salt (VII) (eqn.13), in contrast 
to (VI), then breaks down by nucleophilic attac k of the 
chloride ion on one of the ethyl groups, as in the second 
stage of normal Arbusov reaction. 
(14) Cl.!). Rfo!P(+)(OR)2CC13 - (RO)2P(O)CC13 + RCl 
(VIII) 
The radical nature of the early oteps of this reaction 
25 26 has been confirmed by G~iffin and by Cadogan and Foster. 
An alternative radical-sequence (eqns.15 and 16) suggested 
28 by Walling~. was found to be incorrect. 
(15) (RO)l'CC13 - (RO)2P(O)CC13 + R' 
(16) R'+ 0014 -+ RCl + 'CC13 
Since trialkyl phosphite reacts with carbon tetrachloride 
and other perhalomethanes by free-radical processes, one 
might expect similar schemes for the reaction with phosphorous 
trisdimethylamide. However, in spite of the evidence that 
carbon tetrachloride can react with trialkyl phosphite by 
-16-
free-radical processes, it seems likely that ionic reaotions 
do oocur simultaneously, and are probably the exclusive paths 
26 
under certain conditions. As Cadogan and Foster have 
pointed out, pure triethyl phosphite and carbon tetrachloride 
react in the dark and in the absence of free-radical initiators 
to give, in excellent yield, diethyl trichloromethylphosphonate. 
b) Ionic mechanism 
On the other hand, ionic mechanisms are more likely with 
powerful nucleophiles such as tertiary phosphines and 
phosphorous trisdimethylamide. Thus, the reaction between 
triphenylphosphine (R = C6H5) and carbon tetrachloride was 
shown to proceed in total darkness and was not accelerated 
by ultraviolet li~t, nor by free-radical catalysts to give 
dichloromethylenetriphenylphosphorane (IX) and 
dichlorotriphenylphOSphorane~9 (X) (eqn.17). Since both the 
free-radical and carbene processes have been eliminated, a 
(17) 2 ~p + C014 - ~p = CC12 + ~PC12 
(IX) (X) 
further (ionio) mechanism was propoSed by Rabinowitz and 
£9 30 
Marcus,' and Ramirez et al, simultaneously. but independently 
chose to regresent the transition state by the following way 
Presumably, the transition state is meant to represent 
a nucleophilic attack on halogen without appreCiable separation 
-17-
of the trichloromethyl anion. Hm~ever, Miller19 has proposed 
an ionic mechanism for the reaction of carbon tetrahalide with 
triphenylphosphine, involving successive formation of the 
intermediate ions, (XI) and XII), the latter reacting with a 
further triphenylphosphine molecule to form the ylid (XIII) 
and dichlorotriphenylphosphorane (XIV). 
(XI) (XII) 
(XIII) (XIV) 
Where R = NMe2 and X = Cl, the quasiphosphonium salt 
(VI) is stable, presumably in this case as a result of the 
less electrophil1c nature of the phosphOI"US, owing to the 
strong tendency of nitrogen to multiple bond. 
, , , I 
i Y 
, + - ,± -N - P -CCl Cl ~ N = P - CC13 Cl I I 3 ' I 
N 
'" ... 
(VI) 
Mechanism of Phosphorous Trisdimethylamide/Carbon Tetra-
chloride/Alcohol Reaction 
It has been reported that triethyl phosphite,(EtO)3P, 
reacts with ethanol in the presence of carbon tetraChloride 
to give triethyl phosphate, chloroform and ethyl chloridt6,17,18 
-18-
This mechanism was believed to proceed by these 
workers by solvolysis of the intermediate Ill. (eqn.21). 
(21) 
------. (EtO)4Pcl+CHCl, 
(IV) 
(22) Cr1Et _~_ P (OEt), ___ (Eto),PO + EtCl 
'lhe newly formed quasiphosphonium salt (IV) then undergoes 
a normal Arbusov-type of breakdown to give triethyl phosphate and 
ethyl chloride. 
A somewhat similar proposal was suggested for the oxidation 
of tertiary phosphines with carbon tetrachloride in the presence 
of alcohols'l (eqns. 2, and 24). 
This mechanism appeared reasonable. since the low 
electron density in the carbon-phosphorus bond would make it 
susceptible to nucleophilic attack. However. if these schemes 
were correct. one might expect the quasiphosphonium salt (VI). 
(Me2N),PcCl}ci to react similarly with alcohols to give 
chloroform and a new quasi phosphonium salt (XV) (eqn.25) whioh 
in turn would react by nucleophilic de alkylation to give phos-
phoric trisdimethy1amide and the corresponding alkyl chloride. 
(25) (Me2N)}p\l,Ci 
~ 
R - 0 - H 
--_~ (Me2N)}PoR 01 + CHC1} 
(XV) 
---------------------------------------------, 
(26) (Me2N)i-~n. (;1 - (Me2N)3PO + RCl 
Tb test the validity of th!s assumption. the reaction 
between phosphorous tr1sdimethylam1de and carbon tetrachloride 
+ 
was allowed to completion (formation of (Me2N)3P CCl3Cl • 
subsequent addition of an alcohol (n-pentanol) did not lead 
to the production of the corresponding alkyl chloride. nor 
was chloroform detected. Even after heating under reflux, the 
mixture contained only traces of the expected products. Further-
more. the quasi phosphonium salt (VI) was recovered in 87% yield 
(isolated as the corresponding perchlorate). Clearly. this 
experiment excluded the intermediacy of this salt during the 
reaction of phosphorous tr1sdimethylamide with carbon tetrachloride 
in the presence of alcohols. 
(27) (Me2N)3P + CCl4 + R'OH - (Me2N)3PO + CHCl3+ R'Cl 
Millerl9 had earlier objected to this solvolytic 
mechanism and suggested an ionic mechanism. involving 
nucleophilic displacement on a halogen (eqns. 28 and 29). 
(28) (RO)l:~ Cl /tCl3 R OH .. (RO)i'-, Cl + CHCl3 + 'OR 
A polar reaction might well be expected in the presence 
of alcohols. since the trichloromethyl anion being formed can 
be solvated far more successfully than in pure haloalkane. 
However. if the initial attack in the reactiam with 
phosphorous trisdimethylam1de. involved nucleophilic attack 
at a chlorine atom of carbon tetrachloride, one would expect 
the leaving group to be rapidly protonated. 
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(:30) 
CM 
(-) 
(Me2N)3P(+)CI eCl) + ROH --+ (Me2N)3P(+)OR Cl(-)+CHCI3 
(XVI) 
(32) (Me~)3P(+)OR CI{-) --+ (Me2N)3PO + RCI 
(xv) 
This scheme (eqns. 30, 31 and 32) was found in agreement 
~Iith the experimental findings. Thus, when phosphorous 
trisdimethylamide \'Ias added to an equimolar amount of an alcohol 
in excess carbon tetrachloride in ether at _780 , produced the 
separation of an oily lower phase. Gas-liquid chromatographic 
analysis of the upper phase showed the presence of chloroform 
and the disappearance of the alcohol. More significantly, no 
alkyl chloride was present. However, on warming up to room 
temperature the mixture passed into a single phase containing 
the alkyl chloride. On cooling to _780 , the oily layer was not 
reformed, which indicated that further reaction had occurred. 
In an attempt directed to illustrate the formation of the 
alkoxyphosphonium salt (XV), the above reaction was repeated 
using n-pentanol. 'lhe cold reaction mixture run into cold 
solution of ammonium hexafluorophosphate with the immediate 
production of a white solid. This solid was re crystallised 
from ethanol to give white plates (m.p. 111f-116'). 'lhe proton 
magnetio resonance and elemental analysis of this solid were 
consistent with the following structure. 
+ -'(Me~)3pOCH2(CH2):fH3 PF6 
These observations give further support to the notion 
that the chlorophosphonium salt (XVI) is an intermediate 
(see eqns. 30, 31 and 32). 
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N_PENTOXY(TRISDIMETHYL)AMINO-
PHOSPHONIUM HEXAFLUORO-
PHOSPHATE 
I 
5 6 
[ l 
7 8 
In a further attempt to verify this mechanism, the 
+<,$ 
interaction between phosphorousAdimethylamide and carbon 
tetrachloride was attempted in the presence of vinylmethyl 
ketone. It is known that in the presence of highlY' polarised 
double bond, the trichloromethide, Ccl,. can be trapped 
before its further reaction.32 
Careful examination of the volatile products of the 
reaction bY' gas-liquid chromatography, showed no compound 
corresponding to (5,5,5-trichloropentan-2-on~ was present. 
'!be failure here, in this case, maY' be attributed to the high 
susceptibilitY' of the phosphorus-chlorine bond to nucleophilic 
attack. 
The ease with which this intermediate (XV) (eqn.32) breaks 
down, appears to vary with the structure of the alcohol, as 
would be expected for Stf! reactions. Thus, while the alkox;r-
phosphonium salt of primary alcohols normally decomposes at 
o 
a temperature well below 0 C, those of secondary alcohols, 
usually required higher temperature (0_100 ) and longer period 
of time. With h;rdroxy compounds exhibiting sterio hindrance 
such as neopenty-l alcohol and p-methoxyphenol, these intermediates 
were fairlY' stable in bolling ether. However, the former 
dealk;rlated when heated in dimethylformam1de to give the 
neo penty-l chloride w1 thcut evidence of rearrangement. While 
the latter reacted rapidlY' and almost quantitatively with 
benzyl and !!,-buty-l alcohols to give the corresponding alk;rl 
chlorides and p-methoxyphenol. 
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CM 
These quasiphosphonium salts were extremely hygroscopic 
and were most easily characterised as the corresponding hexa-
fluorophosphates, which were muoh less hygroscopic and could be 
easily crystallised. 
It might be expected that this intermediate (XV) would break 
down by an SIf process, the hal1de ion, Cl (-), approaching the 
a-carbon atom of the R-group along the line of oentres of the 
carbon and oxygen atoms and resulting in the formation of alkyl 
ohloride with inversion of configuration. (Scheme A). On 
the other hand, if the formation of phosphoric trisdimethylamide, 
prior to the attack of hal1de ion is postulated (SJ- mechanism), 
racemization would be predicted, under normal conditions. 
When (+)-2-octanol was subjected to this reaction, 
(-)-2-chlorooctane was obtained in 93% optioal purity, a result 
consistent With a bimoleoular displacement process by a Walden 
inversion. 
The absenoe of rearrangement in crotyl and neopentyl chloride 
suggests the process is of an SIf type. The immediate 
disappearance of alcohol, the instantaneous formation of chloroform 
and the isolation of the alkoxyphosphonium salt, obviously point 
to the decomposition of the latter, being normally the rate 
determining step. 
The present results would seem to indicate that the final 
step in the reaction of the reagent with an alcohol prooeeds by 
an y mechanism under normal conditions, but that where SIf 
reaction is less favourable alternative routes are followed. 
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(SCHEME A) 
[(CH)N] P: + CCI 4 
32 3 
+ 
+ [(CHa)N] PC. CCI3 2 3 
( XVI) 
( (CH3)2N )lCI OR 
+ 
[(CH}2N]IOR Cl 
+ -[(CH
3
) N] PO + R + Cl 
2 3 
'" 
(XV) 
[ ( CH 3 )N] PO + R Cl 2 3 
+ -
«CH 3 )N)PCCICI 
, 2 3 3 
(vI) 
+ -
[(CH) Nl PO···R···CI 
3 2 3 
------------------------------~ 
Thus, in the reaction of the phosphorous tr:l.sdimethylam1de 
with tertiary and some secondary alcohols, as in the cases of 
cholesterol, borneol and isoborneol, where elimination is as 
favourable or more favourable than substitution, olefin 
formation has been observed. 
A competitive expel'iment in which the reagent, 
(Me2N)3Pcl eC13, was charged simultaneously with one equivalent 
of each of n-octanol and ~-octanol, yielded ~-octyl chloride 
almost exclusively. Despite the fact that the reagent reacted 
smoothly with ~-octanol alone to give a reasonable yield of 
the corresponding chloride. 
The possibility that alkoXide exchange occurs in phosphonium 
salt (XV), (Me2N)3PoR Cl , can be excluded because of the 
following facts: When the ~-octanol reacted with the 
reagent to fonn (Me2N)3PoCHCIS(CH2 )5crs. Subsequent addition 
of n-octanol followed by 'o/Iarming gave ~-octyl chloride almost 
exclusively. These observations show alkoXide exchanges on the 
intermediate (XV) are relatively slow compared with the collapse 
of the intennediate to alkyl chloride and phosphoric 
trisdimethylam1de. 
Therefore, it would appear that the reagent can be used 
for selective conversion of primary hydroxyl groups in 
compounds containing both primary and secondary hydroxyl groups. 
Thus, when phosphorous trisdimethylam1de reacted with carbon 
tetrachloride in the presence of equimolar quantity of 
butane l,3-diol, a vigorous reaction ensued. Gas-liquid 
chromatograPhic analysis of the reaction product, showed a single 
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CH CH CH CH Cl 
.la 2 2 
c=o 
r 
~J 
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component with a shorter retention time than that of the 
starting alcohol. The infrared spectrum indicated the presence 
of hydroxyl and carbon-chlorine groups. The p.m.r. spectrum 
of the product in CDC13 or (d6) DMSO showed the presence of 
a single hydroxyl proton. In (d6 )DMSO it would be expected 
that this hydroxyl proton would appear as either a doublet or 
a triplet depending on whether it was a primary or secondary 
hydroxyl group. However. no coupling was observed. ~lhen a 
derivative was made with 3.5-din1trobenzoyl chloride. the 
he:xtet due to the methine Proton moved downfield ~. 100 C/B. 
indicating the hydroxyl group was at carbon C
3
• Elemental 
analysis was consistent with this structure. 
The preparative interest of this reaction led to the 
use of polyhalomethanes other than carbon tetrachloride and 
also mixed polyhalomethanes. 
Rabinowitz and Marcus29 studied the reaction of 
triJbenylphosphine with a number of mixed perhalomethanes in 
the presence of benzaldehyde. Thus with bromotrichloromethane. 
Illl-dichlorostyrene was obtained. Sim1larly. dichlorodifiuoro-
methane. and dibromomodifluoromethane gave Illl-difiuorostyrene. 
1617 Cadogan and Dlrn. • also reported that the reaction of 
trialkyl phosphite with bromo trichloromethane in the presence of 
alcohol gave the corrysponding alkyl bromide. no alkyl chloride 
was reported. Fbr the above schemes to be consistent with these 
observations would require that nucleophilic attack by phosphorus 
derivatives occurred at the most "positive" halogen atom. a 
result which would be expeoted from polarizabllity of carbon-
halogen bonds. Thus, the reaction of phosphorous trisdimethylamide 
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with an alcohol in the presence of perhalomethane containing 
different halogen atoms. should likewise yield only the alkyl 
hal1de product containing the most "positive" halogen atom. 
However. an investigation was carried out with the use of 
fluorotrichloromethane and bromotrichloromethane in place of 
carbon tetrachloride. Fluorotrichloromethane reacted smoothly 
with phosphorous trisdimethylam1de in the presence of alcohols. 
to give good yields of the corresponding alkyl chlorides (Table V). 
No alkyl fluoride was formed. 
TABLE (V) 
Reaction of Phosphorous Trisdimethylam1de with Fluorotrichloromethane 
in the Presence of Alcohols 
Alcohols Chlorides Yield % 
Allyl alcohol Allyl chloride 91 
Benzyl alcohol Benzyl chloride 96 
E.-Butyl alcohol E.-Butyl chloride 95 
~-Butyl alcohol ~-Butyl chloride 8l 
~-Pentyl alcohol ~-Pentyl chloride 69 
i-Butyl alcohol i-Butyl chloride 17 
E.-Pentanol E.-Pentyl chloride 89 
The high yields of the alkyl chlorides obtained with the 
use ot fluorotrichloromethane compared with those obtained 
from carbon tetrachloride may be due to the fact that 
(- )CC12F is more readily displaced than (- )CCI3• Chlorine 
atoms. however would be expected to be more susceptible to 
nucleophilic attack than fluorine. 
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On the other hand, reaction with bromotrichloromethane gave 
both the bromo and chloro compounds, present approximately in 
relative proportion of 5:1 respectively (Table VI). 
TABLE (VI) 
Reaction of Phosphorous Trisdimethylamide with 
Bromotrichloromethane in the Presence of Alcohols. 
Alcohols Chlorides Yield Bromides Yield 
% -r 
Benzyl Benzyl 9 Benzyl bromide 72 
alcohol Chloride 
!!,-Butanol !!,-Butyl 13 !!,-Butyl bromide 66 
Chloride 
sec-Butanol ~-Butyl 14 ~-Butyl 
Chloride bromide 
!!,-Hexanol !!,-HexYl 11 !!,-Hexyl bromide 71 
Chloride 
!!,-Heptanol !!,-Heptyl, 12 !!,-Heptyl bromide 59 
Chloride 
!!,-Octanol !!,-Octyl 8 !!,-Octyl bromide 67 
Chloride 
j:-Butanol j:-Butyl j:-Butyl bromide 5 
Chloride 
These results again indicated nucleophilic attack at the 
most "positive" halogen atom. The fact that some alkyl chloride 
was formed in the case with bromotrichloromethane, suggested 
that some other factor, such as the relative statistical 
availability of each halogen in the molecule to the attack by 
reactant, may be operating. It is of interest to mention here 
that triphenylphosphine reacted with bromotrichloromethane in 
the presence of alcohols to give mainly the corresponding 
chloride.33 It is possible therefore, that triphenylphosphine 
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is not as selective in its attack on mixed perhalomethanes 
as was indicated Qy the work of Rabinowitz and Marcus. 
Haloforms 
Both chloroform and bromoform were found to react with 
phosphorous trisdimethylarnide in the presence of alcohols to 
give the corresponding halides, methylene halides and phosphoric 
trisdimethylamide. Chloroform reacted very slowly and the 
reaction required higher temperature and longer period of 
reflux and gave poor yields of alkYl chlorides together with 
appreciable quantities of dichloromethyltrisdimethylaminophos-
phonium chloride, (Me2N)3PcHC12CI salt. Bromoform reacted 
smoothly at much lower temperature (0_50 ) to give reasonable 
yields of alkYl bromides (see Table IV, p.15). 
Since trichloromethyl trisdimethylaminophosphonium chloride 
did not react appreCiably with alcohols, it is presumed that 
the mechanism is similar to that of the experiments where 
carbon tetrachloride was used. 
Other polyhalogenated hydrocarbons, such as benzo 
trichlOride, pentachloroethane, ethyl trichloroacetate were 
reduced Qy phosphorous trisdimethylamide in the presence of 
the alcohols to give benzilydene chlOride, sym-tetrachloroethane 
and ethyl dichloroacetate respectively, in addition to the 
alkYl chlorides of the corresponding alcohols. Benzo 
trifluoride, however, failed to react under these conditions. 
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EXPERIMENTAL 
Melting points and boiling points are uncorrected. Optical 
rotations were measured in a Be~dix Automatic Polarimeter 143C. 
Refractive Index measurements were obtained with Bellingham 
and Stanley refractometer. 
Infrared spectra were recorded on Perkin-Elmer 237 and 257 
Spectrophotometers. The nt1,}ol mullor KBr disc method was 
used for solid samples; liquid and oils were determined as thin 
films. The following abbreviations are used throughout in 
recording the infrared spectra: s=strong. m=medium. w=weak. 
b=broad. sh=shoulder. 
Analytical gas-liquid chromatography employed a PYE "Series 
104" chromatograph with flame ionisation deteotor. using 
nitrogen as oarrier gas and 5 ft. oolumns (APS. PEGA and SE-30). 
The APL oolumn was paoked with Apiezon L on Celite 545. the 
PEGA oolumn with poly (ethylene glyool adipate) and SE-30 column 
containing silioone grease (SE-30) supported on firebriok. 
Thin layer chromatography used Kieselgel HF254• Spots 
were detected using iodine vapour on analytioal ohromatograms 
and with a Minerlight UVS-ll lamp on analytical and preparative 
chromatograms. The solvents used were: A. benzene; B. 1:1 
benzene: ethyl aoetate. 
P.M.R. speotra were measured with El Perkin-Elmer R-10 
60 Mo./seo. N.M.R. speotrometer. Resonanoe lines are reported 
in ~ -units; tetramethylsilane was used as the internal 
referenoe. Unless otherwise stated. the'" -value quoted 
for a doublet (multiplet) is the mid-point of the doublet 
(multiplet) and may not be its oentre of gravity. 
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Reagents: Carbon tetrachloride was kept over calcium chloride, 
filtered and distilled, rejecting the first and last quarter 
of distillate. Bromotrichloromethane was purified similarly. 
Chloroform was purified by treatment with concentrated 
sulphuric acid, followed by washing with water and drying 
over calcium chloride. The filtrate was distilled from 
phosphorus pentaoxide. Bromoform was freed from possible 
peroxide impurities by 'shaking with ferrous sulphate. It was 
then washed with water, dried (magnesium sulphate), passed 
through an alumina column. and distilled, the fraction of b.p. 
48°/13 mm. being collected. Phosphorous trisdialk,ylathides 
were kept under nitrogen in a desiccator containing calcium 
chloride. Commercial sampies of alcohols were dried by 
keeping over sodium sulphate followed by distillation. 
Diethyl ether was dried over sodium metal, followed by 
distillation. 
Preparation of tris(dialkylam1no)phosphines:-
St~rting materials:- Phosphorus trichloride, commercial grade, 
was purified by distillation. 
All secondary amines were purified byaistillation, after 
drying over potassium hydroxide. 
Preparation of tris(dimethylamino)phosphine:-
81 
Mark's method was used with some modifications. 
A solution of phosphorus trichloride (0.5 mole) in dry 
ether (one 11 tre) was stirred in an ice-salt bath under 
nitrogen to 00 and gaseous dimethylam1ne (b.p. 7.8°) was 
passed in at such a rate that the temperature did not exceed 
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5_~Oo (4 hrs.). The mixture was then refluxed for four hours, 
cooled and filtered. '!he dimethylarnine hydrochlor:l.de was 
washed twice with ether. '!he filtrate and washings were 
combined and freed of the volatile materials. '!he crude 
product was purified by dist:l.llation in vacuum (b.p.48° at 
~O mm, yield 85%). The p.m.r. spectrum of the product (neat) 
cons:l.sts of a doUbiet at ~ 7.1, J 9 c.p.s. 
Reaction of Phosphorous Trisdimethylamide with Methyl Iodide:-
A solut:l.on of methyl iodide (0.01 mole) in ether (5 ml.) 
was added to a solution of phosphorous trisdimethylamide 
(0 .O~ mole) in ether (5 ml.). '!he mixture was warmed and 
immediately a white crystalline product Was formed. Its p.m.r. 
spectrum (DMSO) consists of a doublet' at 't 7 .01 (~8H; 
J, 9.5 c.p.s.) and another dbubiet at t 7.7 (3H; J, 12 c.P.s.) 
ind:l.cating the product was tris(dimethylamino)methylphosphon:l.um 
:l.odide (very hygroscopic). 
Preparation of Phosphorous Trisdiethylamide:-
A solution of phosphorus trichloride (0.3 mole) in ether 
(300 ml.) was added dropwise to a stirred solution of diethylamine 
(2.81 mole) in ether (600 ml.) at 00 • After the addition was 
complete, the solution was warmed up to room temperature, 
refluxed for four hours and cooled. The diethylamine hydrochloride 
was filtered off and washed well with ether. The filtrate and 
the washings were combined and freed of the volat:l.le material. 
'!he crude residue was distilled to give phosphorous trisd:l.ethylamide 
(b.p. ll8_120° at 12 mm.) as a colourless l:I.quid, 80% yield 
(11t. b.P•13 ~20_121o). The n.m.r. spectrum of the product (neat) 
showed a quintet at "( 7.1 and a triplet at t 9.0. '!he 
relative areas were 12:~8. 
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Reaction of Trichloromethyltris(dimethylamino)phosphonium 
Chloride with n-Pentanol. 
20 
(The method described by 
Iliod ~t ~l for preparation of trichloromethyltris(dimethylamino)-
----
phosphonium chloride was followed). 
To a magnetically-stirred solution of carbon tetrachloride 
(0.1 mole) in dry ether (30 ml.) was added phosphorous 
trisdimethylamide (0.05 mole) in ether (20 ml.). The 
exothermic reaction was moderated by cooling in an ice-salt 
mixture. A white cloudy suspension separated. The solution 
was then refiuxed for half an hour. At this stage an al1quot 
was withdrawn. dissolved in water. and treated with aqueous 
solution of perchloric acid. immediately a white crystalline 
solid was formed. which recrystallised from water to give white 
crystals of trichloromethyltris(dimethylamino)phosphonium 
perchlorate (m.p. 285-290 with decomposition (lit. m.p. 280-
with decomposition). The remaining salt was treated with 
n-pentanol (0.04 mole). and refiuxed overnight. (the suspension 
remained practically unchanged). water was added (50 ml.) 
and the two layers were separated. the ether layer was washed 
twice with water (2 x 20 ml.) and dried over anhydrous 
sodium sUljhate. The filtrate was fractionally distilled to 
give a colourless liquid (b.p. 1)8_1410 ). whose infrared 
speotrum showed a strong band at 3300 cm -1. When this product 
was analysed by gas-liquid chromatography (PEGA. 90°,WL '.55 ~1/1Clin) 
one major peak arose. identical in retention time with that 
of the starting alcohol. the minor product. proved to be the 
corresponding n-pentyl chloride. Examination of the first 
fractions showed a trace of chloroform was present. Treatment 
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of the aqueous layer with perchloric acid solution, formed a 
precipitate identIcal in all respects with trichloromethyl-
trisdimethy1 aminophosphonium perchlorate. 
Reaction of Phosphorous Trisdialkylamide with Tetrahalomethanes 
in the Presence of Alcohols 
A) With Carbon Tetrachloride 
All conversions of alcohols to alkyl chloride were 
accomplished by a procedure similar to that employed for the 
preparation of ~-octyl chloride, which is described in detail. 
Preparation of ~-OctYl Chloride 
A solution of phosphorous trisdimethylamide (0.04 mole) 
in ether (15 ml.) was added dropwise to a stirred ice-cold 
solution of ~-octYl alcohol (0.04 mole) and carbon 
tetrachloride (0.05 mole) in ether (25 ml.). lhe mixture 
was refiuxed for approximately 15 min. Ether was removed by 
using a fractionating column (one foot) packed with Fenske 
helices. lhe residue was washed with water three times to 
remove the phosphoric trisdimethylamide. lhe organic layer 
was taken up in ether, dried over anhydrous sodium sulphate. 
lhe filtered solution was freed again from ether in a similar 
manner. The residue was fractionally distilled to give a 
oolourless liquid (4.4 g., 79%), b.p. 75-70 /12 1l11l, ~1.4.300 
(Lit. 780 /15 mm, ~1.43(5). The p.m.r. spectrum (COOl3 ) 
showed a triplet at ~ 6.52 (2H, J=6.5 c.p.s., for CH2Cl), 
multiplets between 't 8.1-8.9 (12H, for methylene groups) and 
a triplet at~ 9,1 OH, J=6.5 c.p.s. for the methyl group). 
lhe p.m.r. and i.r. spectra and retention time on gas-liquid 
chromatography were identical with those of ~-ootyl chloride. 
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Examination of the first fractions of the distillate 
from the reaction mixture by g.l.c. upon silicone, apiezon 
and PEGA columns showed it to be a mixture of ether, chloroform 
and some of carbon tetrachloride. Refractionatil"..g this 
mixture using a longer column (2 ft.) gave virtually pure 
liquid (b.p. 59-61, 45%), whose p.m.r. (neat) showed only 
a singlet at ~ 2.7 confirming the presence of chloroform. 
Isolation of PhosphoriC Trisdimethylamide 
The above experiment was repeated with methanol. At 
the end of the reaction, the solution was distilled under 
o 
vacuum, the fraction of b.p. 113-115 /12 mm. being collected 
20 (5g., yield 93%), 1J> 1.4581). The p.m.r. spectrum of this 
....: 
product (CDC13) showed a doublet at17.20 (JPH= 12 c.p.s.). 
PO=l210cm -1, confirming the presence of phospl'r ric 
trisdimethylarnide. 
A similar eXperiment was conducted, using phosphorous 
trisdi,tL3l~~tla, thus, treatment of phosphorous trisdiethyl-
amide (2.5 g. 0.01 mole) with a mixture of n-hexanol 
(1.03 g., 0.01 mole) and carbon tetrachloride (3 g., 0.02 
mole) in ether (40 ml.), gave n-hexyl chloride (b.p.129-131°. 
~31.4197, 0.75 g., 62.5%) and chlorofonn (53%). 
The reaction with phosphorous trisdi~ethylamide was more 
violent than in the case of phosphorous trisdimethylamide, 
and therefore all the following experiments, unless otherwise 
stated, were carried out with the latter. 
~-Buty1 Chloride 
Reaction of phosphorous trisdimethylarnide (9.8 g., 
1 mol.), carbon tetrachloride (9.5 g., 1.2 mol.), and 
n-butyl alcohol (4.4 g., 1 mol.) in ether (75 ml.) gave 
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n-butyl chlorid~ (4.6 g., 84%). b.p. 76-~, ~ 1.4020 
(Lit. b.p. 78.50 , ~o 1.40223) and chloroform (4.6 g., 
64%) b.p. 59_610 n;o 1.4465 (Lit. b.p. 61_620 , ~1.4476): 
~-dl-Butyl Chloride 
Treatment of phosphorous trisdimethylamide (8.2 g., 
1 mol.), carbon tetrachloride (8 g., mol.) and s-dl-
butyl alcohol (3.7 g., 1 mol.) in ether (55 ml.) gave 
s-dl-butyl chloride (67%) chloroform (66%) and unreacted 
alcohol (2~). 
~-Butyl Chloride 
Phosphorous trisdimethylamide (3.3 g., 1 mol.). 
carbon tetrachloride (3.2 g., 1 mol.) and iso·butanol 
(1.5 g., 1 mol.) in ether (37 ml) yielded iso-bUtyl chloride 
(90%) and chloroform (79%). Yields were determined by gas-
liquid chromatography. 
E-Pentyl Chloride 
Reaction of phosphorous trisdimethylam1de (8.2 g., 
1 mol.), carbon tetrachlorid~ (8 g. mol.) and E-amyl 
alcohol (4.4 g., 1 mol.) in ether (73 ml), gave n-pentyl 
chloride (4.3 g., 83%), b.p. 107° n;ol.4126 (Lit.b.p. 
108°~1.4128), and chloroform (4.1 g., 69%). 
£-Hexyl Chloride 
Phosphorous trisdimethylam1de (8.2 g., 1 mol.) reacted 
with carbon tetrachloride (8 g., 1 mol.) in the presence of 
n-hexyl alcohol (5.1 g., 1 mol.) to give £-hexyl chloride 
(4.8 g., 80%), b.p. 132-1)4°, ~1.4230 and chloroform 
(4.3 g., 71%). 
'. ," 
~-Heptyl Chloride 
Treatment of phosphorous1risdimethylamide (8.2 g., 1 mol.), 
carbon tetrachloride (8 g., 1 mol.) and n-heptanol (5.8 g., 
1 mol.) in ether (70 ml.) gave n-heptyl chloride (5.3 g., 
79%), b.p. 55-7°/13 mm n;o 1.4280 (lit. b.p. 1590 .5, n;ol.42844) 
and chloroform. 
Crotyl Chloride 
Reaction of phosphorous trisdimethylamide (9.8 g., 
1 mol.), carbon tetrachloride (8.2 g., 1.1 mol.) and crotyl 
alcohol (4.3 g., 1 mol.)'in ether, yielded a crotyl chloride, 
b.p. 80-830 (5.1 g., 94%). This produot was homogenous on gas-
20 ., 
liquid chromatography, nn 1.4354. The p.m.r. spectrum (CC14) 
~o~sists of ~ dOUblet split into a quartet at ~ 8.35 (3H, ~), 
and multiplets at 1: 5.87 (2H,-CH2-), and at 1: 4.) (21I, olefinic 
hydrogens 2). Examination or the low boiling fractions by 
gas-liquid chromatograriJ,y on PEGA column at 40°, nitrogen flow 
40 ml/min. showed these were mixtures of chl6l'pform and ether. 
Ethylene Dichloride 
Treatment of riJ,osphorous trisdimethylamide (8.2 g., 
1 mol.), carbon tetrachloride (7.8 g., 1 mol.) and ethylene 
chlorohydrin (4.1 g., 1 mol.) in ether (55 ml.) formed ethylene 
( 0 20 0 chloride 3.9 g., 79%. b.p. 81-83 , nn 1.4432 (lit.b.p. 84 , 
20 nn 1.4493), and chloroform. 
Ethylene Chlorohydrin 
Reaction between phoSphorous trisdimethylamide (9.8 g., 
1 mol.), and carbon tetrachloride (8.3 g., 1 mol.) in the 
presence of l,2-ethanediol (3.7 g., 1 mol.) in ether gave 
ethylene chloride ( l.S". g., ~(, %), 2-chloroethanol 
( ' 020 80 2.1 g.,)~ %, b.p. 127-129 , nn 1.4409 (lit.b.p. 12 -130 , 
-~ 
20 m 1.4419) and unreacted l,2-ethanediol (C. '(2 g., J') %) 
t-Butyl Chloride 
Phosphorous trisdimethylamide (}.} g., 1 mol.), carbon 
tetrachloride (}.l g., 1 mol.) and i-butyl alcohol (1.5 g., 
1 mol.) in ether (}5 ml.) were reacted as described above. 
The 3aseous products were trapped by passing them,through a 
solution of bromine in carbon tetrachloride. The reaction 
gave t-butyl chloride (7%), isobutylene (ll~): isolated as 
dibromide derivative and t-butyl alcohol (76%). Yields ~Iere 
determined by gas-liquid chromatography. 
Addition of aqueous perchloric acid to the aqueous extracts 
gave a white solid, which was recrystallised from water m.p. 
o 285-290 with decompoSition its infrared spectrum was identical 
[ ) ) (+) 0 with (Me2N }PCC1} C104• 
The identities of the reaction products were confirmed by 
gas-liquid chromatography, the retention times being compared 
with those of the authentic samples. 
Quantitative g.l.c. de terminations were made using external 
standards. In some cases the p.m.r. and l.r. spectra with those 
of authentic samples. 
Preparation of (-)-2-0ctyl Chloride 
The experiment was repeated using (+)-2-octyl alcohol 
20 20 2D~ [a)D + 9, m 1.420} to give (_)_2_octyl chloride [a) D-~' 
21 20 20 0 m 1.4298, yield 55% (lit. ~ 1.4}O2, [a)D - }6.l5 ). 
Neopentyl Alcohol Reaction 
Conducting the above experiment with neopentyl alcohol 
(prepared by lithium aluminium hydride reduction of pivaUc 
acid), produced a white o11y soUd, which remained unchanged 
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on refluxing for four hours. An al1quot of the supernatant 
liqUid when analysed by g.l.o. (FEGA, at 90°, flow 4oml/m1n.) 
indicated that, no alcohol or the corresponding chloride 
were present, but a new peak appeared, and was shown to be 
chloroform by comparison of retention with that of an 
authentio sample. The yield (as determined by g.l.p.c.) 
was 90%. The oily solid was extremely bygroscopic and 
diffioult to'recover ih orystalline form solvent (THF). 
The nuolear magnetio resonanoe (CDCl3 ) showed a poorly split 
doublet at ~ 6.18 (JFH=4 cps) for P!0-CH2-C- , a doublet at 
+ 
't 7.18 (JFH= 11 cps) for P-N(Cl92 and a singlet at '"t 
8.95 for C(CH3 )3' The relative areas under these 
absorptions were 2:18:9, respectively. 
The above salt was dissolved in water and treated with 
a saturated aqueous solution of ammonium hexafluorophosphate. 
The white solid was filtered and crystallised from ethanol to 
give white plate-like crystals in excellent yield 95%, 
m.p. 202_2040 
Fbund: C, 33.67; H, 7.33; P, 15.68. 
CUH29F6N3P20 requires C, 33.40; H, 7.)4; P, 15.70%. 
The n.m.r. spectrum (CDCl3 ) showed, a poorly split doublet 
at 1: 6.18 (JPH'" 4 cps), another doublet at "i 7.18 
(JPH=1l.5 ops) and a singlet at "i8.95. The relative 
areas were 2:18:9. 
Decomposition of Trisdimethylam1noneopentoXYph0sph0nium Chloride 
The above salt was dissolved in dry dimethylformam1de 
and refluxed for one hour. The mixture was poured into 
water, and the product ~Ias extracted with ether; The' ether 
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extracts were dried over anhydrous sodium sulphate, filtered, 
and freed from solvents to give a brown residue which on 
distillation gave a colourless liquid ( 0.5g., 65% yield). 
The product was homogenous by gas-liquid chromatography 
on silicone at Boo, on Apiezon and on PEGA, at 850 • The 
n.m.r. spectrum of the product (CDC13 ) showed a singlet 
at 7: 6.5 (2H) and another singlet at c: 8.92 (9H), 
indicating the product was neopentyl chloride. 
Reaction of p-Methoxyphenol 
Treatment of p-methoxyphenol under similar conditions, 
gave a white clo~y suspension, which after warming for 
5 min., formed a dull grey viscous 011. The ether layer was 
decanted and the 011 washed blioc with dry ether. This 
material was dried at 1000 (0.5 mm) to give 75% yield 
of a grey-white solid. This material was extremely hygroscopic 
and difficult to recover in a crystalline form. The n.m.r. 
spectrum (CDC13 ) sho\qed a singlet at 1: 2.97 (aromatic 
protons), another singlet at ~ 6.2 (methoxy group) and a 
doublet att 7.2 [JPH= 11 cps, P-N(~)2]' The relative areas 
under these absorptions were 4:3:18, respectively. 
A sample of the above salt (0.5 g.) in acetone (5 ml.) 
was added to a saturated solution of ammonium hexafluoro-
phosphate in acetone (5 ml.). The solution was filtered and 
the acetone was concentrated to a paste. Trituration with 
dry ether caused crystallisation. The solid was recrystallised 
from absolute ethanol to give white crystalline material 
m.p. lBo-l81 0 
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Found: C, 39.00; H, 6.25; P, 15.50; 
'liIe n.m.r. spectrum (CDC13 ) showed a singlet at 't 2.97 
another singlet at r 6.1.7 and a doublet at t 7.22 (JPH= 1.1 
cps). 
Reaction of Trisdimethylam1no-p-methoxyphenoxyphosphonium Chloride 
with n-Butanol and Benzyl Alcohols 
Treatment of the abovE! suspension 1n ether with either 
n-butanol or benzyl alcohol, showed rapid formation of 
n-butyl chloride (78%) or benzyl chloride (85%) together with 
the liberation of p-methoxyphenol. 
Preparation of 3-Chloro-3~eoxx-l,2-0-isopropYlidene glycerol 
To a solution of l,2-Q-isopropylidene glycerol (1.]. g., 
1 mol.) and carbon tetrachloride (10.7 g.,~. 1.7 mol.) 
in ether (40 ml.) was added a solution of phosJ:horous 
trisdimethylamide (8.2 g., 1. mol.) in ether (20 ml..) at 
o 
-20. The solution was heated to reflux for 20 minutes, 
cooled, washed with water and dried over sodium sulJ:hate. 
The filtrate was fractionally distilled to give a colourless 
liquid (4.2 g., 65%), b.p. 1.57-158°, ~°1..4350 (Lit. b.p. 
1570/767 rmn, r£51..4375). The p.m.r. spectrum (CDC13 ) showed 
the five protons of the glycerol skeleton as a complex multiplet 
between 't 5.55 - 6.90. The six methyl protons gave two 
resonances at 1: 8.65 and L 8.72. The product showed identical 
infrared spectrum and retention time on gas-liquid 
chromatography (PEGA , column) with those of authentic 
compound. 
Found: C, 47.55; H, 7.21.; Cl, 23.5 
Called for C, 47.80; H, 7.)0; Cl, g3.6Q%. 
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2-Chloroethyl ~lethyl Ether 
A mixture of redistilled 2-hydroxyethyl methyl ether 
(b.p. 122-127, 7.2 g., 1 mol.) and carbon tetrachloride (12 g., 
excess) in ether (50 ml.) was treated with phosphorous tris-
dimethylamide (16.4 g., 1 mol.) in ether (30 ml.) as described 
above to give 2-chloroethyl methyl ether (7.2 g., 90%), b.p. 
o 92-94 identical in retention times on gas-liquid chromatography 
on PEGA o and silicone oil oolumns at 55 with N2 flow of 
48 ml!min., infrared and proton magnetic resonance spectra with 
authentic sample. 
2-Chloroethyl Acetate. 
2-Acetoxyethanol was likewise converted to 
2-chloroethyl acetate (b.p. 144-14~, yield 45%) identical 
in infrared and proton magnetic resonance to authentic material. 
2-Chloroethyl Ethyl Ether. 
2-Uydroxyethyl ethyl ether reacted under similar conditions 
to give 2-chloroethyl ethyl ether (b.p. 107-1090 ,83%). 
2-Chloroethyl Butyl Ether. 
2-HYdroxyethyl butyl ether was similarly oonverted to 
o 2-ohloroethyl butyl ether (b.p. 132-138 , yield 65%) • 
.. 
6-Chloro-6-deoxy-l,2:3,4-di-0-isopropylidene-a-D-glacto-
pyranose. 
Under similar conditions, a mixture of 1,2:3,4-
di·O-isopropylidene-a-D-glactopyranose (2.4 g., 0.01 mole; 
20 18 ~ 1.4671; [alD - 65.0) and carbon tetrachloride (3g, 0.02 mole) 
in ether (20 ml),was treated with phosphorous trisdimethylamide 
(1.65 g., 0.01 mole) in ether (5 ml.). The solution which 
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resulted was refluxed for 15 min., cooled and washed with 
water. The dried organic layer Nas freed from solvents 
and the syrupy residue was distilled under vacuum to give 
a colourless liquid (b.p. 118-1220 at 0.1 mm, 1.8 g., 
C C ~ 65%), ~ 1.4662, [alD - 58.5 (c. 0.5 in CHCl) (lit.~ 
114658, [«lD- 59.0 (c. 0.5 in CHCl). This syrup showed 
bands in the infrared spectrum at: 750 (m), 780 (m), 
870 (m), 925 (m), 1010 (s), 1075 (s), 1170 (s), 1180 (sh), 
1220 (s), 1260 (s), 1)80 (sh), 1)90 (s), 1440 (m), 1460 (m). 
2920 (sh), 2940 (s) and 2990 (s) cm,·l. It was homogenous 
by gas-liquid chromatography on Silicone, Apiezon-L and 
EEGA. The n.m.r. spectrum (CDCl) of thd product consisted 
of a doublet at 4.45 (lH) (J =7 cps) assigned to H(l) 
and a qusrtet at 5.34 (lH) for H(), a multiplet at 
5.5-5.75 (2H) for H(2) and H(4) and multiplets at 
5.9 and 6.2 for H(5) and H(6) respectively. 
Attempted Prepe.ration of Cyclohexyl Chloride 
Under similar conditions, phosphorous tris-
dimethylamide (16.5 g., 1 mol.) reacted with carbon 
tetrachloride (15.5 g., 1 mol.) and cyclohexanol (lOg., 
1 mol.) in ether (68 ml.) (~hours reflux) to give 
cyclohexene (2 g., 20%), b.p. 80-820 , r£°1.}~420 (lit., 
o 20 ) b.p. 8) , ~ 1. 44507 , cyclohexyl chloride (1.) g., 
1)%), cyclohexanol (6.2 g., 62%) and trichloromethyltrisdimethyl-
aminophosphonium chloride, isolated a perchlorate salt 
(18.5 g., 57%). 
Repeating this reaction in dry tetrahydrofuran, gave 
cyclohexene (63%), cyclohexyl chloride (23%) and 
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cyclohexanol (10.5%). Yields were determined by gas-liquid 
chromatography. In carbon tetra"hloride, tie reaction 
gave cyclohexene (27%), cyclohexyl chloride (58%), 
cyclohexanol (7%) and no detectable salt. 
Attempted Chlorination of Cholesterol 
Phosphorous trisdimethylaro1de (1.65 g., 1 mol.) in 
ether (5 ml.) was added dropwise to cooled stirred solution 
of cholesterol (}.87 g., 1 mol.) in carbon tetrachloride 
(40 ml.). After the addition was complete, the resulting 
solution was warmed to room temperature, heated Ullder reflux 
for half an hour and then cooled. llie solution was 
evaporated, using a rotary evaporator, to small bulk. This 
was washed three times with water and the organic residue 
was extracted with chloroform (100 ml.). The chloroform 
solution was washed with water, dried over sodium sulphate 
and concentrated to a syrup (}.2 g.). 
Analytical thin layer chromatography of the syrup 
'lfter eluting twice with benzene/ethylacetate (1/1) showed 
two major components RfO.45 and Rf O.75 and also a f4int spot 
wi th Rf 0.67. Part of the syrup (}QO mg.) was subjected to 
preparative layer chromatography (2 x 100 cm. x 20 cm. plates) 
under the conditions employed in the analytical separation. 
The three bands were removed in turn and each component was 
extracted with chloroform. In each case the chloroform 
extracts were filtered, concentrated ~y~, and the residue 
recrystallised from ether/petroleum ether. In this way 
45.7 mg. of the fast running component (Rf J.75), 13.6 mg. 
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of th~ faint spot (RfO.67) and ll5 mg. of the sloNer moving 
material (RfO.45) were collected. The components with 
Rf=o.45 and Rf =o.67 were shown by comparisons of their m.ps., 
i.r. and p.n.m. spectra with those of authentic samples to 
be the cholesterol and cholesteryl chloride respectively. 
The ultra violet spectrum (cyclohexane) of the fast 
moving spot showed ? at 266 m.o;:~_t236 my. 
max. 
Rechromatographing this product on Kieselgel impregnated with 
silver nitrate (l.Q9t) and el.uting with 209t benzene in petroleum 
ether (60-80) showed two spots, Rf 0.55 and Rf 0.65 which 
were identical with those of 2:4 ~nd 3:5 cholestadienes. 
The mixture also had identical spectra to a mixture of the dienes. 
Attempted Chlorination of Borneol and Isobol~aol 
A similar experiment to that described for the reaction 
of cholesterol was repeated with bomeol. The folloNing 
quantities were used: borneol (3 g, 1 mol.), carbon tetrechloride 
(30 ml.) and phosphorous tr1sdimethylamide (3.2 g., 1 mol.). 
The solution after being cooled, was washed with water and 
dried over sodium sulphate. Examination of the solution by 
o gas-liquid chromatography on silicone column at llO 
(nitrogen flow 55 ml./min.) showed several peaks. Their 
retention times corresponded to carbon tetrachloride (major peak), 
chloroform (minor peak), unidentifled product (minor peak), 
.!.:!.2.-bornyl chloride (trace). borneol (major pealt; recovery 67%) 
and phosphoric trisdimethylamide. 
Analytical thin layer chromatography of the solution 
showed two major components, Rf 0.85 and Rf 0.37 (corresponded 
to borneol in Rf value) and two faint spots. Rf 0.71 
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(oorresponded to isoborneyl ohloride in Rt' value), and 
Rt' 0.27 (oorresponded to phosphorio trisdimethylamide) on 
eluting with benzene. The solution was oonoentrated and part 
ot' the residue was subjected to preparative layer chromatography 
(4 x 100 cm x 20 om. plates) under the 5~.me conditions used 
in the analytical separation. The t'our bands were removed in 
turn and each component was extracted with ether. In each case 
the ether extracts were filtered ot't', comcentrated and it' the 
residue was a solid, then recrystallised from "tie appropriate 
solvent. In this way 40 mg. ot' the fast running band (Rt'= 0.85), 
no detectable material from the component with Ri" 0.71, 10'( mg. 
ot' the component with Rt'= 0.37 and 9'( mg. of the slowest mov.ng 
material were isolated. Infrared spectrum 0t', the t'ast running 
spots showed absorptions at 3020 (m), 2995 (s), 2925 (s), 
2885 (s), 2840 (m), 1665 (w), 1415 lm), 1450 (s), 1385 (m), 
1370 (s), 1335 (m), 1210 (m), 1210 (m), 1190 (w), 1110 (m), 
1130 (m), 1100 (w), logo (m), 1065 (1'1), 1020 (m), 955 (m), no 
chlorine content. The infrared spectrum ot' the component with 
Rt' 0.31 was identical with the starting alcohol, m.p. 202_2040 
o 
and mixed m.p. 202-205. The p.m.r. and i.r. spectra ot' the 
slowest band were identical with those ot' phosphoric trisdimethyl-
amide. 
Attempted isolation ot' n-Pentoxytrisdime~~ylam1nophosphon1um 
Chloride 
A solution ot' phosphorous trisdimethyl~~ide(4.3g.,~a~) 
in ether (15 ml.) w~s added dropwise to a stirred solution ot' 
oarbon tetrachloride (9 g., 2 mol.) and !l-pente.nol 2.1 g. 
1 mol.) in ether (25 ml.) at ~!-8° (external temperature. 
A cloudy white suspension was t'ormed which gave an oily lower 
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phase. Gas-liquid chromatography analysis (on a mGA 
column at 850 , N2 flow 55 ml/min) showed the fel'lnation of 
chloroform in 97%, and the disaPJlf.arance of ~-pentanol. 
No ~-pentyl chloride was present. A sample of the oil 
was removed and run into cold water and treated wi'..b. an aqueous 
solution of ammonium hexafluorophosphate wi1.h !:.he immeC:'.I'l'te 
production of a white solid. This solid was filtered, washed 
well with water and recrystallised from industrial alcohol 
to give white plates m.p. 1l.4_116° .• The p.m.r. spectrum 
(CDC13 ) consists of a quartet at ~ 5.8 (P-O-CH2-), a doublet 
at'r 7.2 ("fi..::t~v2). multiplets between 't 8.1 - 8.9 (-(CH2 )3-) 
and a ;;riplet at '1:: 9.1 (-~); tt·a relative areas were 2:18:6:3 
respectively. 
Fbund: C, 33.29; H, 7.59; P, 15.51. 
Calcd. for CllH29F6N3P20: C, 33.40; H, 7.34; P, 15.7010. 
The above reaction was warmed to room temperature; 
examination of the solution by gas-liquid chromatography 
on a mGA column (90oC with nitrogen flow It5 ml/min.) showed 
a new peak identical in retention time with that of 
n-chloropentane. After twc fracticnations of the solution, 
~-chloropentane (2.3 g., 85%) was obtained 
~1.4110 (Ut. b.p. 1080 ~1.4119 ). 
o b.p. 106-108 
Attempted Isolation of 5,5,5-trichloropentan-2-on from the 
Reaction of PhosPhorous Trisdimethylamidc with Carbon Tetrachloride 
in the Presence of Vinylmetlrll Ketone 
A solution of phosphorous trisdimetbylamide (6.4 g., 1 mol.) 
in ether (20 ml.) was added to a stirred cooled miXture of 
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carbon tetrachloride (9 g., 1.5 ~ol.) and dry freshly 
redisti1led vlnylmethyl ketone (2.8 g., 1 mol.) in ether 
(50 ml.). The resulting dark brc~m solution was refluxed 
for one hour, cooled, washed with .. ater and dried (Na2S04)' 
The solution was filtered and the filtrate was distilled 
under partial vacuum. Gas-liquid chromatograpr~c analysiS 
of the distillate on a PEGA column (850C, nitrogen flow 
45 ml/min.) indicated it was a miXture of ether and carbon 
tetrachloride. No vinylmethyl ketone or 5,5,5-trj.chloro-
pentan-2-on were observed. Addition or perchloric acid to 
the aqueous layer gave a yellow precipitate (9.5 g., 79%). 
This was re crystallised from water Lo give a white solid 
(6.2 g.) m.p. 285-2900 with decomp0~ition. ~hc p.m.r.spectrum 
(d6 ) DMSO) indicated the product was trichloromethyltris-
dimethylaminophosphonium perchlore.·", 
Reaction of n-Octanol and sec-Octanol (Competitive Experiment) 
Phosphorous trisdimethylamide (1.64 g., 1 mol.) in ether 
(15 ml.) was added to a miXture of carbon tetrachloride (3 g., 
2 mol.), ~-octanol (0.9 g., 1 mol.) and ~-octanol (0.9 g., 
1 mol.) in ether (25 ml.)~ When the addition was complete, the 
reaction miXture was refluxed for half an hour, COOled, washed 
with water, and dried over sodium sulphate. Examination of 
the solution by gas-liquid chromatography on a PEGA column 
(1200 , N2 flow 50 ml/min.) showed the presence of ether, 
carbon tetrachloride, chloroform (73%), a trace of ~~-octyl 
chloride, ~-octyl chloride (79%), ~-octanol (92% recovery) 
and some unreacted ~-octanol (15%). 
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The above experiment was repeated with ~-ootanol 
to give ~-octyl chlorid3 J.n 5'(;". :-ield. 
wi th ,!'-Octan01. 
To a n.agnetically stirred f,01.1,tion of carbon tstra-
chloride (2 g., 1.3 mol.) and ~-~ct~l~l (0.9 g., 1 mol.) 
in ether (20 ml.) at _20oC was added d,~pwLse a solution of 
phosphor~us trisdimethylamide (16.4 g., 1 I~ol.) In ether 
(15 1nl). When the addition ,!as ccmplete, t.'1.e solut:l 01: was 
warmed up to room temperature and .!..eft at +.'113 tempera.ture 
for 30 minutes. An aliquot of ti.e tlolutioll vIas ;mal~-sed 'a.f 
o gas-liquid chromatography on a PE'i.". column (lOO C, ni~rogen 
flow 45 ml/min.) showed the presence of Chl.010fc;:'IIJ ana some 
unreacted ~-octar:ol (45%). FUr/;her sth'l'be; for 30 minutes 
gave the same results. At Ws s~<;ge, .1;-c .• ~tanoj (0.9 g., 
1 moL) in ether (10 1!Il.) ~1as in:, 'duced anc1 the solution 
sUrred under the above condi tior"" for a f'ul'tber ha.lf an hour 
followed by warming up to room temperature and heating under 
reflux for 35 rn.:.nutes. ThE' resulttng solui.:'on was worked up 
as described in the procedure above and the pro~ucts were 
examined by gas-liquid chromatography, whic?:! ,;howed the 
presence of chloroform, ~-oct.yl chlorido (54%, ~I.r.t. 
unreacted sec-octyl alcohol), n-octyl chloride (4%, w.r.t. 
unreacted !!.-octanol), .!!!l..2:"octanol (42%) and n,·oct'lno! 
(91%). 
Reaction witil B.lc"'lIe-1,3-diol 
The experiment described above was condu:lted with 
butane-1,j-diol, employing the folloWing q'llintities; 
phosphorous trlsdimethylamide (4.9 g. 1 mol.), carbon 
tetrachloride (6 g. 1.5 mol.) and butane-1,3-diol(2.7 g. 
1 mol.) in ether (55 ml.). Analysis of the reaction 
products (2.4 g.) by gas-liquid chromatography on a mGA 
column at 1100 , N2 flow 40 ml/min. showed the presence of a 
new peak with retention time shorter than that of the starting 
material. The infrared spectrum of the product showed 
absorptions at 3310 cm-l (OH) and at 715 cm-l and 615 cm-l 
(C-Cl). The p.m.r. spectrum (CC14 ) consisted of hextet at 
1:' 5.95 (-CH-), a singlet at't. 6.35 (OH), a triplet at 
1: 6.35 (-CH2Cl) (4H), a quartet at~ 8.15 (2H) (-CH2-) 
and a doublet at'( 8.75 OH) (-~). The p.m.r. spectrum 
(d6-DMSO) showed a singlet at ~ 5.68 (-OH) (l.2H), a 
hextet at t 6.25, a triplet at 't 6.35 (3H), a quartet at 
't 8.25 (2H) and a doublet at "(, 8.95 (3H). 
Derivative of the Product with 3:5 Dinitrobenzoyl Chloride 
A mixture of the product (0.5 g.) and a solution of 
3:5 dinitrObenzoyl chloride in benzene containing a few 
drops of anhydrous pyrldine was heated to boiling. '!he cold 
solution was diluted with ether, washed with dilute hydrochloric 
acid, followed Qy dilute caustic soda, and finally with water. 
Solvents were removed in vacuum, using a rotary evaporator, to give 
a yellow viscous residue (0.8 g.) which crystallised on 
standing. 'lhis solid was recrysta1l1sed from a mixture of 
benzene and petrol ether to yield a colourless solid m.p. 
102_1040 • 
Fbund: C, 43.41: H, 3.83: Cl, 11.57 
Calcd. for C11Hi1Cl N206: C, 43.63: H, 3.63: Cl, 11.7)%. 
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The p.m.r. spectrum (CDC13 ) had aromatic signals 
at 7: 0.7, a hextet at t 4.4, a triplet at 't. 6.27, 
another triplet at Z 7.7 and a doublet at t 8.45. The 
relative areas were 3:1:2:2:3, indicating the product 
was 4-chloro-~-butYl-3,5-dinitrobenzoate. 
With Carbon Tetrabromide 
Preparation of n-Butyl Bromide 
To a magnetically-stirred solution of N-butanol 
(3.7 g., 1 mol.) and carbon tetrabromide (16.6 g., 1 mol.) 
o in ether 50 ml. at -40 was added slowly a solution of 
phosphorous trisdimethylamide (8.2 g., 1 mol.) in ether 
(40 ml.). The brown solution was warmed up to room 
temperature after the addition of phosphorous trisdimethylamide 
had been completed. The mixture was washed with water 
(2 x 50 ml.) and dried (Na2S04). The solution was examined 
o by gas-liquid chromatography on a PEGA column at 110 with 
a nitrogen flow of 45 ml/min. '.Ihree peaks were present with 
the third only in a very small amount. Their retention 
times were the same as those of E-butyl bromide, bromoform 
and E-butyl alcohol respectively. and the peaks were 
augumented by the addition of these materials. The 
remaining material was fractionally distilled to give 
o 19 E-butyl bromide b.p. 100-102 • 4.9 g., 72%, ~ 1.43972 
(Lit. b.p. 1010/766, ~1.4393). The fraction was 
homogeneous by gas-liquid chromatography on silicone 
at 800 and 1100 columns. The infrared shows bands at 
635 (rn), 740 (rn), 860 (rn), 910 (m), 990 (w), 1040 (w), 
1090 (w), 1220 (s), 1260 (s), 1290 (rn), 1380 (rn), 
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14}5 (m), 1460 (s), 2885 (s), 2915 Cs) and 2980 cm-1{vs) 
and the p.m.r. spectrum is in general agreement with that 
expected for the bromo compound; (CDCl}) a triplet at 
6.8, a rnultiplet between r 8.1 - 9.0, and another 
triplet at l' 9.2. The relative areas are 2:4:}. The 
second fraction had an identical infrared spectrum and 
retention time to bromoform (b.p. 146-149°, 8.2 g., 60%), 
r£91.5975 (lU. ni;91•5980 ). The p.m.r. spectrum (neat) 
showed only a singlet at~ }.1, confirming the fraotion 
was bromoform. 
Benzyl Bromide 
Treatment of phosphorous trisd~methylamide (9.8 g., 
1 mol.) with carbon tetrabromide (20.0 g., 1 mol.) and 
benzyl alcohol (6.5 g., 1 mol.) in ether (75 ml.). 
Fractionisation gave bromoform (8.1 g., 5}%), b.p. 145-
020 60 ( ° ~ 149 , ~ 1. 00 lit. b.p. 149.5 , ~ 1.6005) and benzyl 
bromide (8.5 g., 8}%), b.p. 19}-197°. 
Allyl Bromide 
Reaction of phosphorous trisdimethylamide (11.5 g., 
1 mol.), carbon tetrabromide (2}.1 g., 1 mol.) and allyl 
alcohol (4.1 g., 1 mol.) in ether (65 ml) gave allyl bromide 
(6.6 g., 78%). b.p. 68_69°, ~1.465}o (lit. b.p. 70-71°, 
20 ~ 1.46545), and bromoform (11.1 g., 64%). 
!!-Butyl Bromide 
Treatment of phosphorous trisdimethylamide (11.5 g., 
1 mol.) with carbon tetrabI'!ll1de (2}.1 g., 1 mol.) and 
n-butyl alcohol (5.2 g., 1 mol.) in ether (70 ml) yielded 
n-butyl bromide (7 g., 74%), b.p. 99_101°, ~01.4}970 
20 (lit. b.p. 101/7CO mm., _~_1.4m}) and bromoform. 
~-dl-Butyl ~mide 
Phosphorous trisdimethylamide (1..6 g., 1. moL), carbon 
tetrabromide (3.3 g., 1. mol.) and s-dl-butanol (0.75 g., 
1. mol.) in ether (28 ml.), gave ~-dl-butyl bromide (61%), 
unreacted ~-dl-butanol (34%), and bromoform (53%). 
Iso-Propyl Bromide 
Reaction of phosphorous trisdimethylamide (9.8 g., 
1. mol.), carbon tetrabromide (20 g., mol.) and iso-
propyl alcoho1. (3.6 g., 1. mol.) in ether (55 ml.) yielded 
iso-propyl bromide (4.1. g.,58%), b.p. 59-610 ~1..4250 
(lit. b.p. 59-600 , ~1..4251). 
In addition to their isolation, the identities of the 
reaction products were confirmed b1 gas-liquid chromatography, 
the retention times being compared with those of the authentic 
compounds. 
Wi th ~moform 
Preparation of 1.,2-0-Isopropylidene-3-bromo-3-deoxy glycerol 
A solution of phosphorous trisdimethylamide (6.6 g., 
1 mol.) in ether (25 ml.) was added dropwise to a 
magnetically stirred solution of bromoform (1.0.5 g., 1. mol.) 
and 1.,2-Q-isopropylidene glycerol (4.7 g., 1 mol.) in ether 
(40 ml.) at 00 • After this in! tial reaction had subsided, 
the solution was refluxed for 1.5 minutes. The solution was 
cooled, washed with water, and dried (Na2S04)' This 
solution was shown by gas-liquid chromatographic comparisons 
on silicone to contain methylene bromide (81%, w.r.t. unreacted 
bromoform), trace of bromoform, unreacted 1.,2-Q-isopropylidene 
glycerol and a major unknown component (77% w.r.t. unreacted 
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acetone glycerol). Ether was removed from the solution (using 
a one foot fractionating column) and the residue fractionally 
distilled under a partial vacuum (18 mm.) into three fractions 
boiling at A ?fJ-35°, B 37-45, and C 66-710 • Examination of 
these fractions by gas-liquid chromatography indicated that 
they were mixtures containing all the components present 
originally. The distillates were subjected to fractionation 
by preparative gas-liquid chromatography on a silicone column 
and gave: methylene bromide, identical in gas-liquid cbroma-
tographic behaviour on silicone and infrared spectrum with 
authentic material; unreacted acetone glycerol; and the major 
product, which was 1,2-Q-isoproP,rlidene-3-bromo-3-deoxy glycerol, 
18 ~ 1.4625, homogeneous by gas-liquid chromatography on silicone 
at 800 , showing bands in the infrared at 665 (m), 840 (m), 
1060 (s), 1150 (m), 1210 (s), 1225 (sh), 1255 (m), 1370 (s), 
1380 (sh), 2880 (m), 29?fJ (m), and 2980 cm-l(s). The p.m.r. 
spectrum (CDC13 ) showed a complex of bands between 5.40 - 6.90 Z' 
(the five protonsof the glycerol skeleton) and two resonances 
at 8.57 and 8.651: for the six protons of the methyl groupa. 
Fbund: C, 37.5; H, 5.3; Br, 40.9; 
Calc. for C6~Br02: C, 36.9; H, 5.6; Br, 41.0% • 
.!2-Octyl Bromide 
Phosphorous trisdimethylamide (8.2 g., 1 mol.), 
bromoform (12.6 g., 1 mol.), and .!2-octyl alcohol (6.5 g., 1 mol.) 
in ether (70 ml.) gave .!2 octyl bromide (7.4 g., 77%), b.p. 
198_2010 n;ol.4500 (Lit. b.p. 2010 , ~01.4503) and methylene 
bromide (5.7 g., 67%) b.p. 96'(l1t. b.p. 970 ). 
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!!-Butyl Bromide 
Treatment of phosphorous trisdimethylamide( 3.2e.,I;ol). 
"ith !!-butanol (1.4 g., 1 mol.) and bromoform (5 g., 
1 mol.) in ether (30 ml.) produced !!-butyl bromide (8)%) 
and methylene bromide (75%). Yields were determined by gas-
liquid chromatography. 
~-dl-Butyl Bromide 
Reaction of phosphorous trisdimethylamide (1.6 g., 
1 mol.), bromoform (2.6 g., 1 mol.) and ~-dl-butanol 
(0.75 g., 1 mol.) in ether (20 ml.) gave sec-dl-butyl 
bromide (61%), methylene bromide (60%) and unreacted ~­
dl-butanol (31%). Yields were determined by gas-liquid 
chromatography • 
!!-Propyl Bromide 
Treatment of phosphorous trisdimethylam1de( 9.8g.,Lmol.) 
t1ith -bromoform (13.2 g., 1 mol.) and !!-propyl alcohol 
(3.6 g., 1 mol.) gave !!-propyl bromide (6.3 g., 87%)b.p. 
020 4 020 4) 71 , m 1.43 0 (Lit.b.p. 71 , m 1. 431 , and methylene 
bromide (7.8 g., 77~). 
In addition to their isolation, the identities of the 
reaction procudts were confirmed by gas-liquid chromatography, 
the retention times being compared with those of the 
authentic compounds. 
Reaction of Phosphorous Trisdimethylamide with Fluorotrichloro-
methane and Alcohols 
Preparation of n-Buty1 Chloride 
A similar experiment was conducted using fluoro-
o trichloromethane in place of bromotrichloromethane at 0 , 
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employing the following quantities; phosphorous trisdimethyl-
amide (16.4 g., 1 mol.), fluorotrichloromethane, (20.5 g., 
1.5 mol.) and n-butyl alcohol (7.4 g., 1 mol.) in ether 
(70 ml.). The colour of the solution did not change during 
the treatment. Examination of the solution by gas.liquid 
o 
chromatography on a PEGA column at 50 with nitrogen flow 
40 ml/min., showed the formation of !!-butyl chloride in 98~ 
(as determined by g.l.p.c.). The reaction mixture was worked 
up in a similar manner as in the procedure described above 
to give a colourless liquid b.p. 74-~, 8.4 g., 91%, ~1.40153. 
The i.r. and p.m.r. spectra confirmed that the product was 
!!-butyr chloride. 
The following alkyl chlorides were confirmed by comparison 
of their physical constants and retention times on gas-liquid 
chromatography with those of the authentic samples. 
Allyl Chloride 
Treatment of phosphorous trisdimethylamide (9.80g., 
1 mol.) with fluorotrichloromethane (14.6 g., 2 mol.) and 
allyl alcohol (3.5 g., 1 mol.) gave allyl chloride (97%). 
The yield was determined by g.l.p.c. 
Benzyl Chloride 
Reaction of phosphorous trisdimethylamide (8.2 g., 1 mol.), 
fluorotrichloromethane (13.8 g., 2 mol.) and benzyl alcohol 
(5.4 g., 1 mol.) in ether (50 ml.) yielded benzyl chloride 
o 20 0 (5.7 g., 90%), b.p. 176-179 ~ 1.5400 (Lit. b.p. 179 • 
n;5r.5415). 
!!-Butyl Chloride 
Phosphorous trisdimethylamide (8.2 g., 1 mol.), 
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nuorotrich10romethane (1,.8 g., 2 mol.) and E.-butyl alcohol 
('.7 g., 1 mol.) in ether (45 ml.) gave'n-buty1 chloride 
(4., g., 95%) b.p. 770;: 1.4020 (Lit. b.p. 78.50, ;:1.4022,). 
sec-d1-Buty1 Chloride 
Reaction of phosphorous trisdimethy1amide-(9.8 g., 
1 mol.), nuorotrichloromethane (16.6 g., 2 mol.) and 
, , , , -
sec-d1-butano1 (4.5 g., 1 mol.) in ether (SO m1.) produced 
~-d1-buty1 chloride (4.4 g., 81,,1) and some unreacted 
~-d1-butano1 (0.5 g., 13%). 
~-Penty1 Chloride 
Reaction of Phosphorous trisdirnethy1amide (9.8 g., 
1 mol.) with nuorotrichloromethane (17 g., 2 mol.) and~­
pentyl alcohol (5.' g., 1 mol.) in ether (75 m1.) gave 
~-amy1 chloride (4.9 g., 79%), b.p. 97-99°(Lit. b.p. 
1000 ) ~1.4102. 
!-Buty1 Chloride; 
Treatment of phosphorous trisdimethy1amide (,.2 g., 
1 mol.), with nuorotrich10romethane (2.8 g., 2 mol.) and 
t-buty1 alcohol (1.5 g., 1 mol.) in ether (SO m1.) gave 
isobuty1ene (9%); determined by gas-liquid chromatography 
as its dibromide derivative, !-buty1 chloride (0.' g., 
o 20 17%) b.p. 49 ~ 1.4260, unreacted !-butano1 (0.75 g., 
50%), and dichloronuoromethy1 trisdimethy1aminophosphonium 
chloride, isolated as the correspanding perchlorate (1., g.), 
m.p. 267-2750 with decomposition. 
Fbund; C, 22.55; H, 5.20; Cl, 28.75; P, 8.01. 
Ca1cd. for CTBl8C1,FN,P04: C, 22.45; H, 4.91, Cl, 29.10; 
P, 8.47%. 
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Reaction of Phosphorous Trisdimethylam1de with Bromotrichloro-
methane in the Presence of a-D..ttanol 
To a stirred solution of bromotrichloromethane (19.8 g •• 
o 1 mol.) and a-butanol (7.4 g •• 1 mol.) in ether at -25 • 
was added a solution of phosphorous trisdimethylam1de (16.4g •• 
1 mol.) in ether (SO ml.). 'lhe resulting solution was heated 
Imder reflux for 15 min., cooled. washed with water and dried 
over sodium sulphate. 'lhe filtered solution was examined by 
gas-liquid chromatography on silicone, at 400 • (ni trogen flow 
50 ml/min.), showed a number of peaks, two of which (present 
in the ratio 5:1) corresponded in retention times to 
a-butyl bromide and a-butyl chloride respectively. 
The reaction mixture was fractionally distilled and 
the fractions boiling at 71-750 (1.2 g.) and 100_1030 (9.5 g.) 
were collected. Re-examination of these fractions by gas-
liquid chromatography on a PEGA column at 8o°(with nitrogen 
flow of 550 ml/min.) showed they were n-butyl chloride 
(containing 7% chloroform) and n-butyl bromide respectively. 
'lhe i.r. and p.m.r. spectra of these compolmds were identical 
with those of the authentic samples. 
Products from BenzYl Alcohol 
Reaction of phosphorous trisdimethylamide (1.6 g •• 
1 mol.). bromotrichloromethane (2 g., 1 mol.) and benzyl 
alcohol (1-1 g., 1 mol.) in ether (30 ml.) gave chloroform 
(~), benzyl chloride (9%) and benzyl bromide (72%). 
'lhe results of the reaction of phos~~orous trisdimethylamide 
with a series of alcohols in the presence of bromotrichloromethane 
are listed in Table (VI). Yields were determined by gas-liquid 
chromatography • 
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Reaction of Phosphorous Trisdimethylamide with Chloroform 
Phosphorous trisdimethylam1de (4.9 g., 1 mol.) in ether was 
added rapidly to a solution of chloroform (7.2 g., 2 mol.) in 
ether (25 ml.), at room temperature, no visible reaction occurred. 
The solution was refluxed for two hours, again no visible reaction 
was observed. An aliquot was treated with ethereal solution of 
carbon tetrachloride, immediately charring ocourred. 
Examination of the chloroform solution by gas-liquid chromatography 
confirmed that no reaction had taken plaoe. 
!l-Pentanol (2.7 g., 1 mol.) in ohloroform (20 ml.) was 
added to the reaction mixture, and the solution was heated 
under reflux for 24 hours. The solution was cooled, and 
worked up as described in the above procedure. Analysis 
by gas-liquid chromatography on PEGA an::l. silicone columns 
at 1000 , (with n1 trogen flow of 45 ml/m1n.) showed the presence 
of methylene chloride, chloroform. n-pentyl ohloride (53%. 
based on unreacted alcohol). unreacted n-pentyl alcohol 
(reoovery of 42%) and finally unreaoted Ptosphorous 
trisd1met~lam1de (recovery of 21%). Addition of 
aqueous solution'of perohloric aoid. Yielded a white 
precipitate (1.7 g.). This was reorystall1sed from water 
to give plate-like crystals (1.1 g.). m.p. 275-2810 with 
decomposition; this compound had the same m.p. as that which 
rued et if formulated as (Me2N)}p(+)CHC12Cl~-) 
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Reaction of Phosphorous Trisdimethylamide with Benzotrichloride 
and n-Pentanol 
Phosphorous trisdimethylamide (~. 64 g., 1 mol.) in ether 
(~O ml.) was added portionwise to a mixture of benzotrichloride 
(2 g., 1 mol.) and ~-pentanol (0.9 g., 1 mol.) in ether (l5m1.) 
at such a rate that the solution refiuxed smoothly, a white 
solid formed, which iDlJlediately redissolved. Approximately 
~O min. after complete addition of phosphorous trisdimethylamide, 
an aliquot was taken from the solution, washed with water 
and analysed by gas-liquid chromatograIilY on a PEGA column 
o 
at 110 ; it showed that little alcohol was left unreacted, 
complete disappearance of benzotrichlorlde, the formation of 
n-chloropentane (85%, w.r.t. unreacted alcohol), and the formation 
of benzylidene chloride. When this experiment was repeated 
on a large scale (0.07 moles), the n-chloropentane and 
benzylidene chlorides were obtained in 8~ and 78% yields 
respectively. Addition of ammonium hexafiuorophosphate or 
perchloric acid solution to the aqueous extracts gave no 
precipitate. 
Reaction of Phosphorous trisdimethylamide with Pentachloroethane 
and n-Pentanol 
lhe above experiment was repeated with pentachloroethane 
at room temperature, the reaction products were virtually 
colourless, as in the case of benzotrichloride. Yields 
(as determined by gas-liquid chromatograIilY, on silicone 
and PEGA oolumns) were n-chloropentane 87~, sym. tetrachloro-
ethane 7a1. 
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When pentachloroethane was replaced by benzo-
trif1uoride in the above procedure and the reaction 
mixture was heated under ref'lux overnight. no n-pen'ty1 
fluoride was formed and the reactants were recovered almost 
unchanged. 
Ethyl Trichloracetate 
Preparation of n-Octy1 Chloride 
Ethyl tr.lchloroacetate was reacted under the conditions 
previously deSCribed tor CC14 using the t'ollowing amounts; 
phosphorous trisdimethylamide (8.2 g •• 1 mol.), ~-octano1 
(7 g •• 1 mol.) and ethyl trichloroacetate (9.6 g •• 1 mol.) 
in ether (70 ml.). The reaction was exothermic and was 
moderated by cooling. 'lbe reaction products were shown 
by gas-liquid chromatographic comparisons on silicone to 
contain n-octyl chloride (93%. w.r.t. unreacted n-octano1). 
ethyl dichloracetate and a trace ot' unreacted ~-octano1. 
'Ihe ether was evaporated and the residue was fractionally distilled 
under reduced pressure to give ethyl dichloracetate (5.1 g •• 
64% b.p. 95-98°/12 lIIJI •• n;,91 •4J8JO (Lit. r£Ol.43/360). was 
homogeneous by gas-liquid chromatography on a FEGA column 
at J!)2°. 'Ihe infrared spectrum showed bands at 690 (m). 
720 (m). 770 (m). 810 (s). 870 (s). 950 (s). 1020 (s). 
lOgo (m). 1180 (s). 1270 (s). 1310 (s). 1'70 (m). 1392 (m), 
1450 (m). 1470 (m). 1750 (vs). 2870 (m). 2900 (m). 2940 (s). 
and 2980 cm-1(vs). The p.m.r. spectrum (CDC1,) showed a _ 
singlet at ~ 4.03 (-CC1~), a quartet at 't:. 5.65 
(-CH2-) and finally a triplet at "(. 8.65 (-ca,). 
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The other traction (b.p. 120-124°/12 mm, 7.1 g., 74%), 
20 20 ~ 1.4J04, (Ut. ~ 1.43(58) was identical in gas-liquid chroma-
tographic behaviour on a silicone column at 90° and in infrared 
with authentic specimen of ~-octyl chloride. The p.m.r. 
(CDC1,) showed a triplet at t. 6.52 (-CH2Cl), complex bands 
between't 8.1 - 8.9 (-(CH2)6) and a triplet at 't 9.1 
(-CH,). The relative areas were 2:12:3. confirming the 
product was ~-octyl chloride. 
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Reaction of Phosphorous Trisdimethylarnide with Carbon 
Tetrechloride in the Presence of Acids. 
Preparation of Acetyl Chloride 
An experiment similar to that described for the preparation 
of !!,-chlorooctane was repeated with acetic acid. The resulting 
solution was fractionally distilled, and the fraction boiling at 
490 _53° was collected (6.2 g., 43%). This fraction reacted 
vigorously with water with the formation of acetic acid and 
evolution of heat. Part of the product (2 g.) was reacted 
with equimolar ethyl alcohol to give a product (1.8 g., 81%), 
o b.p. 75-7 , which had identical physical properties with those 
of ethyl acetate. The other part (1.6 g., 1 mol.) was treated 
with aniline (1.9 g., 1 mol.). The solid was crystallised from 
o 
water to give crystalline solid (1.6 g., 59%), m.p. 112-114 • 
Mixed m.p. with authentic sample of acetanilide showed no 
depression. 
Benzoyl Chloride 
The experiment described for the reaction with acetic acid 
was repeated with benzoic acid. No attempt was made to isolate 
the product. The solution was divided into two portions. The 
first half was treated with absolute ethyl alcohol. Examination 
of the products by g.l.c. on Apiezon and silicone oil columns at 
1500 (N2 flow 55 ml./min.) sho~led the presence of a product with 
retention times identical with those of ethyl benzoate. The other 
half was treated with aniline in the same way as described for the 
preparation of benzanilide (see Practical Organic Chemistry, 
Vogal, 3rd edn. p.58). The product ( m.p. 160-1620 , yield 49%) 
had identical physical properties with those of an authentic sample. 
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ItmtODUOl'ION 
The reaction of a tertiary phosphine (usually triphenyl-
phosphine) with an alkyl hal1de yields a phosphonium salt 
(e.g., 1) in which the aC-H bonds are sufficiently acidic to 
be removed by a suitable base. The yl1d (e.g., II) that 
results from reaction with base is believed to be stabilised 
by 2p -3d overlap.34 Subsequent reaction of these ylids 
(e.g. 11) with aldehydes or ketones offers the very useful 
synthesis for olefins, the Wittig reaction~5 
(1) 
(II) (Ill) 
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The initial nucleophilic attack by the ylid on the carbonyl 
function forms a betaine intermediate (e.g •• III). Subsequent 
decomposition of the betaine intermediate (e.g •• III) to 
produce an olefin and a tertiary phosphine oxide is believed 
to occur by the indicated cyclic four-center transition state.35 
Depending on the structures of the carbonyl compound and the 
ylid. either the formation of the betaine or its subsequent 
decomposition may be the rate-determining step.35.36 
This reaction has found wide application in organic synthesis. 
e.g.; in synthesis of naturally occurring polyenes.37 in the 
vitamins D and A.3B•39 and in the cartenoid fields.40 The 
important advantages of the \uttig reaction lie in the ease 
with which many reactions occur under mild conditions and in 
the fact that no ambiguity exists concerning the location 
of the double bond in the product even when the olefin 
41 42 formed is easily isomerised. • 
However. the reaction shows some limitations. Tbus 
carbonyl compounds whose electrophilic nature reduced by 
substituents are less reactive or unreactive examples are 
ketones and ap unsaturated aldehydes.43 Similarly 
phosphoranes whose nucleophilic nature have been reduced by 
electron-attracting groups on the carbon atom of the ylid 
are less reactive.44•45 It has recently been reported thet 
benzoic acid catalyses the reaction of ethoxycarbonyl-
ethylenetriphenylphosphorane with ketones but the region 
of applicability of this catalytic effect has not yet been 
determined.36• 46 
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Another disadvantage of the 1'li ttig reaction consists in 
the difficulty, in some cases, of separating the unsaturated 
product from triphanylphosphine oxide. In this connection 
development and modification of the Wittig reaction is of 
considerable interest. 
47-54 A few years ago Homer et al showed that systems 
- -
of the type P(O)CH2- give rise under basic conditions to 
a conjugate base which adds to a carbonyl group to give a 
betaine-like intermediate (V). This intermediate on heating 
breaks down in a Wittig fashion to form an olefin and a 
compound containing the pea) O-group. 
o 
11..,.. 'I 
-CH-P C I';~" r, 
--c-o c 
I " 
(VI) (v) 
This system is most readily made in the Arbusov 
react10n between alkyl halides and trialkyl phosphites.55-61 
R ~ x. (R'O)l--. (R'O)2P(O)~R + R'X 
(VI) 
The conjugate bases of various compounds of the type 
62 (VI) have found a ready application in olefin synthesis 
possessing a number of advantages over the Hittig reaction. 
Such reagents are WIOre reactive with respect to carbonyl compounds, 
in particular ketones, since they are more nucleophilic than 
"-
the corresponding alkylene phosphorane. In).special study 
Homer et a163 compared olefin synthesis using P(O)~- system 
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with that from the phosphonium salt. 111us treatment of a 
mixture of one equivalent of diphenylbenzylphosphine oxide and 
one equivalent of triphenylbenzylphosphonium bromid~ with a 
mixture of one equivalent of base and one equivalent of benzal-
dehyde led to the formation of stilbene predominantly from 
the phosphonium salt. On the basis of this experiment. 
the phosphonium carbanion (Y'l1d) appeared either to be formed 
faster than the phosphine oxide carbanion or to be more 
reactive. Repetition of the experiment but using excess of 
base led to the formation of stilbene mainlY' from the 
tertiary phosphine oxide. 111us, when excess base was present 
so as to permit the formation of both phosphonium and 
phosphine oxide carbanions. olefin was preferentiallY' formed 
from the reaction of the latter with the aldehyde. 
111ese results lead t'o the conclusion that a phosphonium 
group provides more stabilisation for a carbanion than does 
a phosphinoxy group. a phosphonium salt therefore being 
more acidic than a phosphine oxide. A corollary of this 
is the greater nucleophilic nature of phosphinoxy carbanion. 
..... -
.... P(O)CH-. compared with that of the corresponding alk;ylene-
'± -phosphorane. /P-CH-. 
The isolation of olefins in the reactions of 
::::P(O) -CH2- sY'stems with carbonyl compounds is much simpler, 
since the unsaturated compounds produced can be readilY' 
separated from the water-soluble alkali metal salts of the 
complementary acids. while in the Wittig reactions less 
simple prooedures must be used to separate the olefin from 
tertiary phosphine oxides. 
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- - -------------------------------------------------------------
"-Like the Vittig reaotians ..... P(O)CH2- systems for olefin 
-, 
synthesis make it possible to inorease the length of the carbon 
chain and introduce C=C bonds in specified positions. '!he 
yields of the unsaturated oompounds are usually higher than 
in the \tittig reaction. 
62 However. early work indioated that success in olefin 
synthesis demanded that the group R in (VI) be eleotron-
withdrawing (e.g •• CN or C6I5)' Failure was initially 
attributed to the difficulty in generation of phosphonate 
carbanion in the absence of stabilisation by R (in addition 
to that of 64 p(o». Later work. however. showed that this 
difficulty can be overcome and that an unstabilised" ion (VI) 
readily adds to a carbonyl group, Further trouble arose 
here wi th the discovery of the fact that the phosphonate betaines 
of this type (e.g. where R = hydrogen or simple alkyl) fail to 
decompose. 
64 In the light of this Corey et al proposed that the 
cyclic mechanism of betaine breakdown may not be concerted 
but involves considerable negative charge build up on the 
a-carbon atom and that failure to delocalise this charge 
inhibi ts breakdown. 
However. the early work of Homer et a147 sho~/ed that 
diphenylmethylphosphine oxide. (C6H5)2P(O)~ (i.e. a compound 
without an alpha-stabilising group) readily undergoes the 
complete olefin sequence. 
Further Corey et a165 showed that certain systems give rise 
to stable betaines. but that the conjugate acid of these 
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betains readily give the olefin. 
R H 0 
RCHP(O)(NMe2 ):? 'c' ,r I _ 
If r, + (Me2N)2Rl 
-C - 0 
, • 
.... c, 
I \R 
R .... ,H RF(O)(NMe2 )2 C 
C - OH 
, 
" 
+ (Me2N)2P(O)5 
.... C, 
On the other hand electron attracting groups on the carbon 
atom lying 11 with respect to the phosphorus atom (Cl with 
respect to oxygen) do not appear to facilitate breakdown. 
Thus in this work note was taken of the need to effect 
electron withdrawal from atoms starred in the simplified 
betaine given below 
0 
\ 
" 
- 1* *P, 
* 
-0 0 
1 
Most of the reported work in this reaction w1 th tertiary 
phosphine oXides deals with those of the type ~P(O)~R'. 
where R:aryl and R':aryl or alkyl. The object of the various 
workers was to employ these reagents for olefin synthesis. 
The work described in ~is thesis originated from the fact 
that the reactions of the above tertiary phosphine oxides with 
carbonyl compounds under basic conditions gave in addition to 
the olefins. phosphinic acids. The Horner modification of the 
l'1i ttig reaction appear.S to offer a convenient and simple route for 
synthesis of phosphinico acids. in particular the unsymmetrical 
-68-
{ilosphin1c acids which are otherwise difficult to prepare. 
Accordingly, the reactions of several unsymmetrical and 
symmetrical tertiary phosphine oxides with benzophenone 
were investigated. 
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• 
DISCUSSION 
Previous ltOrk with tertiar,y IlhosIlhine oxides of the 
type ~P(0)CH2R' with R~aryl, R'=aryl or alkyl, has indicated 
an analogy between this class of compounds and ketones of the 
type RC(O)~R, in that they contain alpha methylene groups 
capable of further condensation with carbonyl compounds. 
Usually the conjugate base (2) (Fig.l), fonned following the 
reaction of a tertiary phosphine oxide-carbanion (1) with a 
carbonyl compound, breaks down on heating to produoe an nlefin 
(3) and phosphinate anion (4). 
, 
~P(O)CH(Nt)R' ...;';...C_=O~~ Rl(0)-CHR
1 
I 
(1)' 
+ -NB3 Na O-C-
(2) , 
~P(O) -r' _~L,.. 
o - C----.. + 
R' 
(3) (4 ) 
Figure (1) 
The driving force for the reaction is thought to be the 
formation of the new phosphorous-oxygen bond. 
During the current work, it was found that the reaction 
of one equivalent of tribenzylphosphine oxide with four 
equivalents of sodamide in benzene followed by treatment with 
one equivalent of benzophenone afforded a 90% of dibenZJl-
phosphinic acid and a 73% of triphenylethylene. 
It has been suggested that phosphinate anions containing 
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alpha-hydrogen bonds are capable of further condensation. 
However, investigation of the treatment of dibenzylphosphinic 
acid with excess of sodamide in benzene or toluene and 
subsequent addition of benzophenone (refluxed for 12 hrs.), 
produced no olefin and the starting materials were recovered 
unchanged. In contrast, the corresponding ester, ethyl dibenzyl-
phosphinate, reacted smoothly under these conditions to give 
triphenylethylene (82%) and benzylphosphonic acid (73% yield). 
The unreactivity of the alpha carbon-hydrogen bonds in 
the phosphinate salts bears a considerable resemblance to 
that encountered in carboxylio acid salts, which display 
under similar basic conditions no alpha-methylenic reactivity. 
Having established that the dibenzylphosphinate anion 
does not react under the above oonditions, the reactions between 
several phosphinoxy carbanions, ~P(O)cHR and benzophenone 
were examined. Thus, the reactions of dibenzylmethylphosphine 
oxide, dibenzylethylphosphine oxide, dibenzylmethoxymethyl-
phosphine oxide, allyldibenzylphosphine oxide and benzhydryl-
dibenzylphosphine Oxide, produced in each case the same olefin 
(triphenylethylene) in comparable yields together with the 
corresponding acids, namely benzylmethylphosphinic acid, 
benzylethylphosphinic acid, benzylmethoxymethylphosphinic acid, 
benzylallylphosphinic acid and benzylbenzhydrylphosphinic acid. 
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Reaction of Unsyrnmetrical ~rtiary Phosphine 
Oxide-Carbanions with Benzophenone 
No. Unsymmetrical 
tertiary 
phosphine oxide 
Unsyrnmetrical 
phosphin1c acid 
Yield Triphenylethyl-
% ene Yield % 
1.. Tribenzylphos- Dibenzylphosphinic 90 73 
phine oxide acid 
2. Dibenzylmethylphos- Benzylmethylphos- 65 84 
phine oxide ph1n1c acid 
3. Dibenzylethylphos- Benzylethylphosphinic 
phine oxide acid 61 16 
4. Allyldibenzylphos- Allylber~lphos- 59 65 
phine oxide phin1c acid 
5. Dibenzylmethoxy- Benzylmethoxymethyl-
methyl phosphine 
oxide 
phosphin1c acid 81 10 
6. Dibenzylbenihydryl-
rhoephine oxide Benzylbenzhydryl-
phosphin1c acid 
88 68 
These acids were characterised Qy their proton magnetic 
resonance and infrared spectra and by elemental carbon 
hydrogen and phosphorous analysis. It will be noted that 
the ease with which groups are cleaved from tertiary phosphine 
oxides is related to the stsbility of the carbanion formed 
from the ionization of the alpha carbon-hydrogen bonds. Thus, 
in the above examples, the benzyl radical is lost rather than 
methyl, ethyl, methoxymethyl or allyl groups. The loss of 
benzyl rather than benzhydryl in the case of dibenzylbenzhydryl-
phosphine oxide reaction is exceptional. 
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From the results so far discussed, it may be concluded 
that the use of the Homer reaction offers a useful convenient 
method for the preparation of a wide range of phosp1Unic acids. 
However, this synthesis is based on the availability of 
synthetic methods for preparation of tertiary phosphine oxides. 
Symmetrical tertiary phosphine oxides of the type (RCH2)3FO, 
where R = alkyl or aryl, can be easily prepared by the reaction 
of organomagnesium compounds with phosphoryl chloride 
The preparation of unsymmetrical tertiary phosphine oxides 
of the type ~P(O)CH2R' can be achieved by several approaches. 
Thus, they may be obtained by the action of organomagnesium 
67-70 compounds on phosphonic and phosphinic chlorides. Also 
apart from acid chlorides, phosphonic and phosphinic esters, 
particularly the phenyl esters, can be used in this reaction. 
68,71-73 Also, unsymmetrical tertiary phosphine oxides can be 
74-76 obtained by the Arbusov rearrangement of phosphinic esters 
or similarly via the Michaelis-Becker reaction.77-79 A 
simpler and convenient route has recently been described in the 
literature, involving the reaction of Grignard reagent with 
80-82 diethyl phosphite with subsequent treatment with alkyl halide. 
(EtO)2P(O)H + 3RMgX __ ~FOMgX + 2 EtO MgX 
~POMgX + R'X -... ~P(O)R' + MgX2 
'l.b1s method has been used here for the preparation of 
unsymmetrical tertiary phosphine oxides. It was found that in 
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some cases. this reaction may provide a suitable preparative 
mwthod. Thus. the following unsymmetrical tertiary phosphine 
oxides. where R = benzyl and R' = methyl. ethyl. allyl. 
methoxymethyl and benzhydryl were obtained. However. this 
method was not promising for the preparation of tertiary phosphine 
oxides where R' is a saturated group larger than ethyl. 
When the reaction of tertiary phosphine oxide with 
sodamide and benzophenone was extended to include trimethyl-. 
tri-n-amyl-. tri-n-hexyl-. and tri-n-octylphosphine oxides 
under the above conditions. no reaction was observed. Similar 
observations were noted when sodamide ~/8.s replaced by sodium 
methoxide. metallic sodium or potassium tert-butoxide. 
However. the anions of these tertiary phosphine oxides 
were formed very efficiently as lithio derivatives (5) (Fig.2) 
o 
on treatment with n-butyllithium in ether at 0 as shown by 
their reaction with benzophenone to give adducts (6). where 
R=n-cB'1.7 or n-C6Hl3 and R'=n-C H or n-C~. 
7 I5 
R P(O)CH R' n-C4~Li 2 2 -~ 
ether 
(6) + ~O ~ R2P(O)CHR' C(OH)(C6H5)2 
(7) 
Figure 2. 
The above adducts (7). as opposed to the 
(6) 
a-hydroxyphosphine oxides. which decompose into the starting 
materials when heated to their melting points or when dried at 
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1000 ,51 are thermally stable. 'Ibe adduct formed horn the 
reaction of tri-n-octylphosphine oxide-carbanion with 
benzophenone, however, dehydrated partially during distillation. 
Attempts were made to effect the elimination of 
phosphinate anions from the above adducts by treatment with 
various bases and solvents. Thus for example the anion of 
(7) (Fig.2), R = n-CeH170r n-C6H13 and R'=n-C~5 or 
n-C~l was refiuxed overnight in tctrahydrofuran or in 
toluene in the presence of sodamide, tertiary amines, or potassium-
t-butoxide. Examination of the reaction product~. by thin layer 
chromatography showed that no products corresponding to the 
expected phosphinic acid or olefin were formed. The main 
products of these reactions were shown by proton magnetic 
resonance and inhared spectral evidence and by the elemental 
analysis to be the corresponding dehydrated adducts (8) (Fig.3). 
Co-ordination of the adducts with magnesium bromide, followed 
by treatment with potassium tert.. butoxide in refiuxing toluene 
(12 hours) gave the same results. 
'Ibe strong electron-attracting effect of the phosphoryl 
group makes it likely that the above adducts will be subject 
to base catalysed elimination. It is probable that the 
attack is on the active hydrogen atoms, alpha to the 
phosphoryl group. 
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(6) ~O 
R' 
R?n-k-rC6H5)2 
o HO 
Figure C~) 
(8) 
When R in the anion (6) = benzyl or benzYl and alkyl and R' 
.. phenyl, the dehydration process appears to be much slower 
compared with the Homer fission. 
Thepossible reasons for the failure of breakdown of 
the anion (6) or its conjugate acid (7) where R and R' = simple 
alkyl groups) were already mentioned( see page W ) • 
It would be expected that co-ordination of the phosphoryl 
group (P=O) in the above f3-hydroxYphosphine oxides (7), where 
R = n-caE17 or n-C6~3 and R'=n-C~5 or n-C~ with a 
Lewis acid such as Ag(I)ions, silica gel or by protonation 
will reduce the electron density on phosphorus atom and hence 
in the four centered intermediate and thus it may facilitate 
the breakdown. 
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o 
Ii I , 
,p_c_ 
I HQ-y-
(Figure 4) 
However. when the above ~_hydroxyphosph1ne oxides were 
heated to reflux in benzene in the presence of silica gel. for 
twelve hours. examination of the reaction mixture by thin layer 
chromatography and by infrared and proton magnetic resonance 
spectroscopy. indicated these adducts were again dehydrated. 
Similar results were obtained when these ~-hydroxyphosph1ne 
oxides were treated with acetic acid (one e~ivalent in 
tetrahydrofuran or in ethanol) or with Ag(I) (silver nitrate 
in methanol at room temperature). 
64 Corey ~ showed that the anions of the type 
(RO)2P(S)cH-R'(9) react with conjugated ketones to give 
intermediates (10) (Fig.5) which decompose readily at ambient 
temperature to the expected products: 
) ~ - , (RO 2P-CH-R 
1
(9) 
t(C6H5)2CO 
S (RO )2Y-CHR' 
11 
(RO)2Pl5tRHC=C(C6H5)2 +(-- O-C(C6H5)2 (10) 
R=CHyR'=H or C~or CH2.CH2~ 
(Figure 5) 
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-----------------------------------, 
However, as mentioned before, compounds of the type 
(RO)2P(O)CHR'C(O) (C6H5 )2' where R'=H or simple alkyl groups 
were found to be stable under these conditions. Since the 
only apparent difference between the two systems is that, 
one containing phosphoryl group, while the other containing 
thiophosphoryl group, the driving force for the decomposition 
may be due to the relative ease of polarisation of the 
thiophosphoryl bond. 
However, when tri-n-butylphosphine sulphide anion (ll) 
(F.tg.6) generated in ether or in tetrahydrot'uran by reaction 
with n-butyllith1um was treated with benzophenone and the 
reaction mixture was refluxed for three hours, only the 
condensation adduct (12) was isolated in 95% yield. 
s 
" n-C H L1 (n-C4E9)2PCH2(C~)CHJ 4 9 , 
ether 
s Lt 
It 
(n-C4H9)2P-cH(CH2)2CHJ 
(ll) 
s s 
!I Hel 1\ 
(n-C4H9)2P-r(CH2)2CH3 ~( __ (n-C4H9)2~-r CH2~CHJ 
HO-C(C6H5)2 Lt O-C(C6H5 )2 
(13) (12) 
Figure (6) 
'lh1s adduct (13) again did not afford olefin under normal 
and even drastic conditions involving the use of sodamide or 
potassium tert-butoxide in ref'luxing tetrahydrof'uran or toluene. 
CCrey et al64 reported a unique Ag(I)-catalysed o1efin-
fOrming elimination f'rom ~-hydroxyphosphonoth1oate esters. 
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Fbr example. the adduot from 4-t-butyloyolohexanone and 
dimethyl methylphosphonothioate. when treated with silver 
nitrate in methanol at room temperature. gave 4-t-butyl-
methyleneoyclohexane (40%). Treatment of the adduct (13). 
under tha same conditions did not produoe a similar effeot. 
These intermediates (the j3-hydro:xyphosphine oxides) did not 
appear to be useful for the synthesis of phosphin1c acids or 
for the olefins. however. sinoe none of the above adduots. 
nor their conjugate bases. underwent d~composition into the 
desired produots under a wide range of conditions. 
From the results so far described. it appears that 
elimination of phosphinate anion from (8) is only possible 
when the delocalisation of the negative oharge build up in the 
transi tion state can be achieved by the presenoe of eleotron-
withdrawing substituents bonded either to the phosphorus atom 
or to the carbon atom alpha to the phosphorus atom and f3 
with respect to o:xygen. 
Finally an attempt was made to study the effeot Qf a 
strongly electron wi:thdrawing group on the phosphorus. 'lhus 
the reaction of di-n-he:xyl-triohloromcthylphosphine oxide 
(made from the reaotion between diethyl trichloromethylphosphonate 
and n-he:xylmagnesium bromide) with benzophenone in the presence 
of base was studied in the hope that trichloromethyl group would 
facilitate the breakdown of the intermediate (n-C6H13)(CC13 ) 
p(o)r(n-c~). When the above tertiary phosphine oxide was 
-6- C(C6H5)2 
refluxed in benzene in the presence of excess sodamide. followed 
-19-
by treatment with one equivalent of btmzophenone and then 
heated Ulcer reflux for 10 hours, the reaction mixture 
gave di-n-hexylphosphin1c acid (35%). benzophenone (95%) and 
unreacted tertiary phosphine oxide (55%). When this reaction 
was attempted with n-butyllithium in ether at _350 • a 
mixture of products were formed. The major product (57%) 
was di-n-hexylbutylphosphine oxide. Eenzophenone was 
recovered almost unchanged. Both reactions indicated that 
hucleophilic attack occurred at P(0)-CC1
3 
bend (Fig.7). 
(n-C6f1.3)2P(O )-CC13 N~. (n-C6lf:L3)2P(0 )-NH2+N~aC13 
H20. (n-c6lf:L3)2P(O)o&a + CHC13+N83 
(n-c6f1.3)2P(O)-CC13 n-C4Hfi t (n-C6H13)2P(O)C4H9+ r.tCc13 
f)~ (n-c6lf:L3)2P(0)C4H9+L1Cl + CHC13 
(Figure 7) 
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EXPERIMENTAL 
Elementary analyses were carried out by either Mr.R.Wh1te 
or by Mr.K.Scott. 
Melting points and boiling points are uncorrected. 
Infrared spectra were recorded on a Perkin-Elmer 237 or 
a Unicam SP 200 spectrophotometer. The nuJol mull or KBr disc 
methods were used f'or solid samples; liquids and o11s were 
determined as thin films. 
Thin layer chromatography employed Kieselgel H254 or 
Kieselgel PF254: spots were detacted by iodine vapour. 
Preparative layer chromatography employed Kieselgel PF254: 
spots were detected by ultraviolet light. 
P.M.R.spectra were measured with a Perkin-Elmer 60 
Mc./sec.instrument. Resonance lines are reported in tau 
(1: ) un1 ts; tetramethylsllane was used as the internal reference. 
Unless otherwise stated. the 1: -value quoted for a doublet 
(or multiplet) is the mid-point of' the dOUblet (or multiplet). 
Diethyl ether. tetrahydrofuran. benzene and toluene were 
redistilled and dried over sodium. 
Preparation of' Tertiary Phosphine Oxides 
A) Preparation of' Unsymmetrical Tertiary Phosphine Oxides 
Materials: 
Diethyl phosphite (BDH reagent) was purified by distillation 
under vacuum before use. Alkyl halides were laboratory grade 
reagents. dried over calcium chloride. filtered and redistilled. 
under vacuum if necessary. 
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General Procedure: (The procedure described by Downie and 
Morris was followed w1 th some modificaticns). 82 
A solution of diethwl phosphite (13.8 g., 1 mol.) in 
sodium-dried ether (100 ml.) was added dropl91se to a Grignard 
reagent prepared from magnesium (7.2 g., 3 g-atoms) and benzyl 
chloride (38.4 g., 3 moles) in ether (200 ml.). 'Ibe stirred, 
gently reflux1ng reaction mixture became gelatinous towards 
the end of the addition. 'Ibe mixture was heated under reflUX 
for a further half an hour, and then after cooling, the 
appropriate alkyl halide (0.15 mol.) in ether (50 ml.) was 
added. If the liberation of heat was observed, then after the 
addition of the alkyl halide, the mixture was bOiled for 2-3 
hours, but otherwise the mixture was heated for 5-10 hours. 
Water was excluded throughout the operations. 
After cooling the reaction mixture, a solution of concentrated 
hydrochlOric acid (30 mls.) in water (180 mls.) was run slowly 
into the mixture until decomposition of the Hrignard complex 
was complete. This usually resulted 10 two clear layers forming, 
except 10 the preparations of tribenzylphosphine Oxide, which 
was obtained as a solid. In this special case the solid lfas 
filtered, washed with water to remove any aCid, and dried 10 
vacuum. In other cases, the ethereal layer was separated, and 
the aqueous layer was extracted w1 th benzene (3 x 50 ml.). 
The extract was combined w1 th the organic layer, and the whole 
was washed with sodium carbonate, water and dried over sodium 
sulphate. After removal of solvents under vacuum with mild 
heating on a water bath, that is up to fAJoC. The solids 
thus obtained were recrystallised from suitable solvents 
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III a RESULTS iil 
Pre[!!!:ration of'UnsYIlBlkltrteal Tertia!Z Phos!lh1ne Oxides l;{ ~ '" (j) ~P(O)R' '" .... ~ 
III 
Reaction g, ~ (j) 
No. R R' Yield* M.P. Lit. % Carbon % Hydrogen % Phosphorus 0 ~ 
% CO M.P. ealed. Found Calcd. Found Calcd. Foun:! ~ '" 
'1 :t 
133-1340 132~134° ~ 
., 
1. C6H5~ ~ 53 0 ... ~ (j) I g e 98_1000 ~ I 2. C6H5CH2 CH2~ 1 74.42 74.ll 7.37 7.16 12.01 ll.85 ... J> Il- i III 3. Cf1I5CH2 !l~C4H9 ~ ~ ~ 
---
... 
'" ~ 4. C6H.sCH2 (~)3C (j) (j) 
" ~ <D 121~123° f-' 5. C6H5~ CH2CH=CH2 49 75.55 75.35 7.03 6.85 ll.48 ll.17 1! li? ~ 
6. C6H5CH2 ~OCH3 65 78~810 70.06 69.90 6.93 6.88 ll.32 ll.~ 
g: 
'g <D 
...... .... 
• ,11-
7. C6H5CH2 C6H5CH2 85 217-219
0 218~220° If 
:;: 
8. C6H5CH2 (C6H5)2CH 53 172-1740 
0 172.5~173 
--------------------------------------------------------------
Purification of D1benzrlmethyl-, and D1benzrlethylmosph1ne Oxides 
llb 
'!be method described by Zingaro et ~l for purification 
of tri-n-octylphosphine oxide was applied for purification ot 
the above phosphine oxides. 
The crude product was dissolved in benzene and shaken with 
a dilute (~) aqueous solution of potassium permanganate in order 
to oxidise any secondary phosphine oXides (phosphinous acids) to 
the corresponding phosphin1c acids. Manganese compounds were 
then removed by successive treatment with sodium oxalate and 
sUlphuric acid and hydrochloric acid. '!be benzene solution ot 
the tert1ary phosphine oxide was then slurried with activated 
alum1na to remove the phosphin1c acids. '!be final product was 
then crystallised from a suitable solvent. 
Recrystallisation: 
(C6H5CH2)2P(0)C2Hs 
(C6HSCH2)2P(0)CH2CH=CH2 
(C6HSCH2)2P(0)~OCH} 
(C6~CH2)-l(0) 
(C6HSCH2)2P(0)CH(C6H5)2 
40 parts benzene/60 parts SO_100°C 
pet.ether 
'!be above mixture 
Heptane 
40 parts benzene/60 parts 6o_80oc 
pet.ether 
Toluene 
Aqueous ethanol. 
When a mixture of solvents was used, ratios given are 
volume: volume. 
Failure to alkylate (C6'5CH2)l,(M~CI 
In react10na } and 4 alkylation did not occur and 
dibenzylphosphine oXide was 1solated in pure state m.p. 
° ° 88 108-ll0 (rtt.1Q9-ll0.5 ). 
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Yield from 3 
Yield from 4 
18.4 g. 
17.7 g. 
8~ 
All these yields are those of reorystallised materials 
(benzeneftteptane 1:1 v/v). The p.m.r. spectrum (CDC13 ) 
of the crude products of reaotion 3 and 4 showed no signals 
from ~ 7-10. 
Preparation of Di-n-Hexyltrlchloromethylphosphine Oxide 
A solution of diethyl trichloromethylphosphonate (0.1 mole) 
in ether (75 ml.) was added slowly over a period of two hours 
to a solution of n-hexylmagnesium bromide (0.25 mole, formed in 
~ from magnesium and !l-hexyl bromide) in ether (250 ml.). 
After the addition was completed, benzene (250 ml.) was added 
and the reaction mixture was heated under reflux for 24 hours. 
Dilute hydrochloric acid was added and the two phases were 
separated. The organic phase was washed with aqueous sodium 
bicarbonate, then with water and dried over magnesium sulphate. 
The solution was filtered off, the volatile materials were 
evaporated under vacuum (water pump), and the residue was 
fractionally distilled under vaouum. The first fraotlon 
(b.p. 95-1000 at 2 IIID) was mainly the starting materials, the 
o 
second fraction (b.p. 140-160 at 0.2 mm) was a mixture of the 
ethyl n-hexyltriohloromethylphosphinate and d1-n-hexyltriohloro-
methyl phosphine oxide (7:4 ratio) and the third fraction 
(b.p. 186-1900 at 0.2 mm) was di-n-heXYltriohloromethyl-
phosphine oxide sl1gbtly contaminated with phosphinate 10%. 
Red1stl11ation of the third fraction afforded pure 
di-n-hexyltrlohloromethylphosphine oxide (3.3 g., 10%), 
b.p. 196-202 at 0.2 mm. 
-85-
Calcd. for C1jH26C13PO: C, 46.42; H, 7.73; Cl, 31.84; P, 9.21 
Found: C, 46.22; H, 7.51; Cl, 31.70; P, 9.11%. 
Examination of this product by p.m.r. spectroscopy 
showed no bands at 6.85 't (P(O)-O-~~), and no band in 
the 1.r. spectrum at 1160 cm-l (P(0)-0-CH2~ vibration). 
Acid hydrolysis of the second fraction (with conc. HC1) and 
after removal of the acidic products by sodium carbonate, left 
a viscous liquid, which on red1stilling gave a colourless 
liquid (b.p. 193-1970 at 0.2 mm, 1.5 g.) which was identical 
with that obtained from third fraction. Over all yield 
was 4.8 g., 14%. 
Proton Magnetic Resonance Spectra of Unsymmetrical Tertiary 
Phosphine Oxides 
(C6H5-CH2)2P(O)-CH3:(CDC13) 
A doublet at ~ 8.7 (3H, JPH~2.5 c.p.s.) another 
doublet at 1C 6.85 (4H, JPH~4 c.p.s.) and a singlet at 
'C 2.68 (10H). 
(C6H5-CH2)2P(O)-CH2CH3:(CDC13 ) 
A triplet at 7: 9.1 (3H), an octet at 't:~. 8.6 (2H, 
Jm=12.5 c.p.s.), a doublet at 't" 6.88 (4H), Jm=13 c.p.s.) 
and a singlet at ~ 2.7 (lOH). 
(C6H5-CH2)2P(O)-CH20CH):(CDC13) 
) 
A doublet at ~ 6.85 (4H, JPH~3 c .P.s.), a singlet at 
't. 6.65 (3H), a doublet at 't,6.62 (2H,Jl'H=12.7 c.p.s.) and 
a singlet at ~ 2.7 (lOH). 
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(C6H5-CH2)2P{O)-CH2-CH=CH2:{CDC13) 
A quartet at -z:. 7.52 (2H, J PH=l.3 c.p.s.), doublet at 
t 6.9 (4H, J PH=l.3 c.p.s.), multiplets atC-£!.. 4.9, 
4.8 and 4.25 (,a) and a singlet at ~ 2.68 (10H). 
{n-C6H13)2P{O)CC13: (CDC13 ) 
A triplet at t. 9.1 (6H), and multiplets between ~ 8.1 -
8.2 (20H). 
Symmetrical Tertiary Phosphine Oxides 
Preparation of Trimethylphosphine Oxide: 
The method of Pickard and Kenyon was modified for 
convenience.83 
A solution of phosphor,vl chloride (3O g., 1 mol.) in 
ether (2OO mls.) was added slowly to methylmagnesium bromide 
[prepared from magnesium (14.4 g., 3 g-atoms) and methyl bromide 
(excess) in ether (500 ml)] which was well stirred and cooled 
by ice-salt mixture. The reaction misture was then heated 
under reflux for an hour, ether was then evaporated, and 
powder,v residue was treated with water and then with a hot 
solution of sodium carbonate (slightly over one mole) in water 
(500 ml.) to precipitate the magnesium. After filtration 
the solution was evaporated to a thick syrup with occasional 
removal of sodium chloride. Finally the trimethylphosphine 
oxide was extracted with hot chloroform and purified by vacuum 
sublimation. The yield was 4.5 g., 2~ (based on 
methylmagnesium bromide), m.p. 136-138°{ver,v hygroscopic) 
{Ut. m.p. 138-139.5°)!l3 
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Preparation of TrI-n-amylphosphine Oxide 
A solution of phosphoryl chloride (30.8 g •• 1 mol.) in 
ether (200 ml.) was added slowly to n-anwlmagnesium bromide. 
, 
prepared from magnesium (14.4 g •• 3 g-atoms) and n-anwl bromide 
(90.6 g •• 3 moles) in ether (400 ml.). whioh was well stirred 
and oooled by an ioe-salt mixture. The reaotion mixture was 
heated for one hour. oooled and then hydrolysed with ammonium 
chloride solutIon. '!he ether phase was separated. washed with 
water. dried and the solvents were removed under vaouum. '!he 
aqueous layer was transferred to a beaker and 50 g. of fInely 
ground sodium carbonate was added. '!he mixture was heated to 
o 60-70 • and the magnesium carbonate was left to settle. The 
precipitate was filtered off and extraoted with 2-3 portions of 
boiling ethanol. The extracts were oombined with the filtrate 
and water and aloohol were vacuum-dIstilled off. The residue 
was extraoted with hot chloroform and after the removal of the 
solvents. the produot was vacuum-distilled to give a white 
solid. which was recrystallised from petrol (28.60 g •• 55rG). 
m.p. 57-59°(lit. 590 )84. 
TrI-n-hexylphosph1ne oxide and trI-n-octylphosph1ne oxide 
were similarly prepared. 
TrI-n-hexylfhosph1ne oxide 6,3% b.p. 191-9%.2 mm m.p. 
53-550 (Tit •• no ment of melting point)85. 
Tri-n-octylphosphine oxide yield 72%. 
m.p. o( 4 0 86 49-50.5 TIt. 9-51). 
Reaction of Triben?ylphosphine Oxide-Carbanion with Benzophenone: 
Tribenzylphosph!ne oxide (4 g •• 1 mol.) and sodamide (3.7 g •• 
9 mol.) were stirred together in benzene (20 ml.) for half 
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an hour. Then a solution of benzophenone ( 2.4 g •• 1 mol.) in 
benzene (15 ml.) ~Ias added and the mixture was refluxed for 
six hours before water (30 ml.) was added and the two phases 
were separated. The organic phase was extracted twice with 
water and dried over magnesium sulphate. 'lhe solution was 
filtered off. and the filtrate was concentrated under vacuum 
(water pump) to a syrup (2.8 g.). which cr,ystallised on standing. 
'lhe crude solid was recr,ystallised from absolute ethanOl to give 
white plate-like cr,ystals of triphenyletbylene (2.7 g •• 81%). 
o 
m.p. 69-70. A mixed melting point lrl:th,the authentic, 
compound of triphenylethylene caused no depression. 'lhe 
structure of this compound established through its n.m.r. 
spectrum (CDC1
3
) which showed three peaks at 2.70 tau. 2.92 
tau and 3.03 tau (integrated ratio lO:5:l. The i.r. of the 
compound was superimposable on that of a sample of the triphenyl-
ethylene. 
'lhe aqueous layer was acidified with concentrated 
hydrochloric acid. the precipitate was filtered off. washed 
with water. dissolved in benzene and dried over sodium sulphate. 
The solution was filtered and the filtrate was evaporated to 
dryness under vacuum. The crude solid (2.4 g.). m.p. 185-1890 
was recr,ystallised from benzene to produce a colourless 
crystalline solid of dibenzylphosphinic acid (2.l g •• 77%). 
m.p. l89-l9lo • A mixed melting point with the authentic 
sample showed no depression. 
Calcd. for Cl4H1SP02 :C. 68.29; H. 6.1; p. l2.6O. 
Found: C. 68.l0; H. 6.)1; p. l2.64%. Its i.r. spectrum was 
identical with that of the authentic specimen. 
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Attempted Reaction of Sodium Dibenzylp!tosphinate with Benzophenone 
and Sodamide: 
A mixture of dibenzylphosphinic acid (2.4 g., 1 mol.), 
benzophenone (1.84 g., 1 mol.) and sodamide (2 g .. 5 mol.) 
in dry toluene (SO ml.) was refluxed for twelve hours. Hater 
was added and the two phases were separated. '!he organic Iilase 
was washed three times with sodium carbonate solution, then with 
water and dried over sodium sulphate. Evaporation of the 
solvents from the organio layer left a residue which was 
crystallised on standing. Examination of the infrared spectrum 
6 -1 of the product, showed strong carbonyl absorption at 1 ~O cm • 
'!he p.m.r. spectrum (CDC1,) showed only aromatic hy"drogens. 
Melting point and mixed melting point with authentic sample 
of benzophenone were both 4~(1.5 g., recovery 81%). 
Acidification of the aqueous layer and extracting it with 
hot benzene gave dibenzylphosphinic acid (2.1 g., recovery 
87%). Melting point and mixed melting point with dibenzyl-
phosphinic acid were both 190-1920 • 
Reaction of Ethyl Dibenzylphosphinate-Carbanion with 
Benzophenone. 
Preparation of Ethy"l Dibenzylffiosphinate: 
Dibenzylphosphinic acid (~.2 g., 1 mol.) in toluene was 
treated with an excess of freshly redistilled thionyl 
chloride (25.2 g., ~ mol.). '!he mixture was refiuxed for 
two hours and the excess of thionyl chloride was removed by 
distillation of about half' of' the toluene. '!he remaining 
solution was cooled and added slo~lly over a period of' half' an 
hour to a stirred solution of' sodium ethoxide (,.4 g., 5 mol.) 
-90-
in ethanol at soc. under a nitrogen atmosphere. The solution 
was stirred and refluxed for two hours. poured into water and 
extracted with benzene. '!he organic phase was washed three 
times with water. dried over sodium sulphate and the volatile 
materials were removed under reduced pressure. leaving a 
crystalline residue. which was recrystsllised from n-heptsne 
to give a white crystalline solid (4.3 g •• 54%). m.p. 48_500 • 
Calcd. for C16E19P02: C. 70.06; H. 6.93; p. 11.32. 
Fbund: C. 69.90; H. 6.88; p. 11.3%. 
The p.m.r. spectrum (CC14) consists of aromatic band at 2.712:: 
(10H. phenYl groups). a quartet at Z 6.15 (2H. P(0)-OCH2-). 
a dOUblet at l:. 6.9 (4H. J PH= 14.5 c.p.s •• methylene groups of 
benzyl radicals) and a triplet at 8.85 (3H. methyl group). 
These observations indicated the product was ethyl dibenzylphos~ 
phinate. 
Reaction of Ethyl Dibenzylphosphinate-Carbanion with Benzophenone: 
Heating equimolar proportions of the ester and benzophenone 
in benzene in the presence of excess sodam1de for four hours. 
resulted 1n the format10n of triphenYlethylene (74%). which had 
identical physical properties with an authentic sample and 
benzylphosphonic acid m.p. 166'. yield 63% (lit. m.p. 1680).39 
The p.m.r. spectrum of the acidic product (CDC13 ) consists of 
a singlet at~ -2.3 (2H). aromatic band at z: 2.72 (SH). and 
1: 
a doublet 6.85 (2H.JPH= 15 c.p.s.). 
Reaction of DibenzYlmethylphosphine Oxide-Carbanion with 
Benzophenone: 
A similar experiment was conducted with dibenzy1-
methy1phosphine oxide (2.44 g •• 1 mol.). sodam1de (2 g •• 
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l. 
5 mol.) and benzophenone (1.85 g., l. mol.) in benzene (SO ml.). 
Evaporation of the solvents from the organic layer left a 
viscous residue (l..2 g.) which immediately crystallised (m.p. 
64-6SO): Recrystallisation from absolute alcohol produced a 
white crystalline solid (m.p. 68_90 ) of triphenylethylene (2.l. g., 
84%). Mixing the solid with triphenylethylene caused no 
depression in the melting point. 
Acidification of the aqueous layer and extracting it with 
hot benzene gave a negligible quantity of the acidic product 
(SO mg.). The aqueous layer was distilled off under vacuum and 
the residue was extracted with hot chloroform. '!be dried 
chloroform extracts on evaporating, left a yellow viscous residue 
(l..25 g.) which immediately crystallised (m.p. l.26-13l.°). 
Recrystallisation from benzene gave a white plate-like 
crystalline solid (l..l. g., 65%) of benzylmethylphosphinic acid, 
m.p.136-1)8°. 
Calcd. for CaBll.02P: C, 56.48; H, 6.47; P, 18.24. 
Fbund: C, 56.56; H, 6.65; P, 18.19%. 
Its p.m.r. spectrum (CDC13 ) cons:llts of a sharp singlet at 
t' -2.3(lH,OH proton), aromatic signals at 1: 2.74 (SR, 
phenyl), a doublet at ~ 6.9 (2H,JPH= 14.5 c.p.s., methylene 
group) and another doublet at 't' 8.67 (3H, JPH= 13.c.p.s., 
methyl group). When the above spectrum was run in the presence 
of D20, the same spectrum was produced, except no signal at 
" - 2.3 was observed. The infrared spectrum (KBr disc) 
exhibited maxima at 3060, 2910, 2580, (broad and shallow), 
22SO (broad), l.6oo, 1450, 1495, 1412, 1400, 1300, 1250, 
80 -1 1200, !.l80, 7 and 710 cm • 
-92-
Reaotion of DibenzYlmethoxymethylphosphine Oxide-Carbanion with 
Benzophenone: 
The above experiment was repeated with dibenzylmethoxymethyl-
phosphine oxide (2.7 g., 1 mol.) and sodamide (2.8 g., 7 moles) 
and benzophenone (1.82 g., 1 mol.) in benzene (35 ml.). Hater 
was added (20 ml.) and the two phases were separated. Evaporation 
of the organio phase left a visoous residue whioh orystallised 
on standing (1.9 g., 70%). The orude solid was reorystlilised 
from ethanol to. give a white plate-like orystalline soUd 
(1.5 g.), m.p. 690 • A mixed melting point with the authentio 
oompound of triphenylethylene resulted in no depression. 
The i.r. and p.m.r. speotra were identical with those of 
triphenylethylene. 
The acidified aqueous layer (HCl cone.) on extracting 
oontinuously overnight with benzene, gave after removal of 
solvents, a viscous residue (2.1 g., 81%), which crystallised 
on standing. Recrystallisation from diethy1ether, gave a white 
plate-like crystalline solid (1.90 g., 95%) of benzYlmetho:x;y-
methylphosphinio acid, m.p. 74-~. 
Calcd. for C9~303P: C, 54.00; H, 6.5; P, 15.50. 
Fbund: C, 53.85; H, 6.41; P, 15.17%. 
The p.m.r. (CDC1
3
) spectrum showed a broad singlet at 
t. 2.63 (lH, OH proton), aromatic absorption at~ 2.73 
(SR, phenyl-group), a doublet at1: 6.6 (JPH= 12.5 c.p.s., 
methylene group of the benzyl radical), a singlet ate 6.65 
(methyl groq» and finally a doublet at'e6.85 (JPH= 14.5 c.p.s., 
methylene group of the methoxymethyl radical). The last 
three absorptions have 7H. 
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Reaction of Dibenzylethylphosphine Oxide-Carbanion with Benzophenone 
Repeating the above experiment with dibenzylethylphos~ne 
oxide (2.6 g., 1 mol.), sodamide (2.8 g., 7 moles), and benxo-
phenone (1.9 g., 1 mol.) in benzene (40 ml.), gave triphenyl-
ethylene (1.9 g., 7~), which was identical in all respects with 
obtained from the previous experiments. The acidified aqueous 
layer was concentrated to small volume under vacuum, and 
extracted with hot chloroform. lhe chlorofonn extracts were 
dried over sodium sulphate. '!he solution was filtered off and 
the filtrate was concentrated to an oily residue, which showly 
crystallised from diethyl ether giving 1.2} g., 67% of 
benzY1ethYlphosphinio acid, m.p. l26-128°. 
Calcd. for C9H1}02P: C, 58.69; H, 7.07; P, 16.85. 
Fbund: C, 58.64; H, 7.l8; P, l6.7~. 
'!he p.m.r. spectrum (CDCl}) consists of a sharp singlet at 
't. -2 .2} (m, OH proton), aromatic signals at 't.2. 78 (SR, 
phenyl group), a doublet at 6.95 'Z: (2H, JPH=l5 c.p.s., methylene 
group of benzyl radical) and multiplets between 8.1-9.} 1: (SR, 
ethyl group). 
Reaction of DtbenzYlbenzhydr,ylphosphine Oxide-Carbanion with 
Benzophenone. 
Dibenzylbenzhydrylphosphine oxide (4 g., 1 mol.), 
sodamide (2.8 g., 7,moles) and benzophenone (l.8 g., 1 mol.) 
in benzene were heated under reflux for eight hours. Water 
was added (20 mls.) 'lnd the two layers were separated. '!he 
organic layer was washed twice with water and dried over sodium 
sulphate. '!he solution was filtered, and the filtrate was 
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concentrated under vacuum (water pump) to an o11y residue, 
this immedIately crystallised (1.95 g., 7£%). The p.m.r. spectrum 
of this crude product (CDC13 ) showed singlets at 1::- 2.70, 
2.92 1:. and at 3.03 (integrated ratio 10:5:1, indicating the 
product was tripheIl1lethylene. The crtrle product was 
recrystallised from absolute ethanol to give a white crystalline 
solid of trip!1eIl1lethylene (1.75, 68%), m.p. 68_90 • A murpd 
melting point with the authentic compound of tripheIl1lethylene 
caused no depression. 
Acidification of the aquedus phase with concent~ated hydro-
.,., ,J 
chlorio acid and continuous extraction with benzene for ten 
hours, gage after evaporation of the solvent, an oily 
residue, which crystallised on standing. Recrystallisation 
from benzene gave a white crystalline solid (2,65 g., 88.)%) 
o 
of benzYlbenzhydrylphosphin1c .. ~cid, m.p. 153-155 • 
Calcd. for C~902P: C, 74.52; H, 5.90; P, 9.62. 
Fbund: C, 74.40; H, 5.64; P, 9.5~. 
The p.m.r. spectrum of the acidic product (CDC13 ) consists 
of a sharp singlet at'l:. -1.52 (lH, OH proton), aromatic signals 
between 1: 2.3-3.1 (lSH, 3 pheIl1l groups), a doublet at "Co 
5.70 (lH, J PH=l.4 c.p.s., methine proton), and another doublet 
at t 7.20 (2H, J PH= 15 c.p.s., methylene group). 
Reaotion of AllYldibenzylphosphine Oxide-Carbanion ~ith 
Eenzophenone: 
A similar experime!lt to that described for dibenzylbenz-
hydrylphosphine oxile reaction was repeated with allyldibenzyl-
phosphine oX!de using the following quantities: allyldibenzyl-
phosphine oxid (5.4 g., 1 mol.), benzophenone (3.9 g., 1 mol.) 
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and sodamide (0.8 g •• ~ mol.) in benzene (:;5 ml.). The 
reaction gave triphenylethylene (:;.2 g •• 65%). and an acidic 
product (2.:; g •• 59%) m.p. 78_~o. 
Fbund: C. 69.90; H. 6.:;5; P, ~5.:;5; 
Calcd. for C~0H1:;P02: C, ~.22; H, 6.6:;; P, ~5.~. 
']he p.m.r. spectrum of the acidic product (CDC1:;) consjS:;s 
of a singlet at ~ -~.87 (~, OH proton). aromatic signal at 
't. 2.67 (SR, pheny~ group), olefinic bands between 4.22 -
4.87 (:;H, -CH--cH2 ), a doublet at r 6.95 (2H, JPH=l:; c.p.s., 
methylene group of the benzy~ m.dical), and a quartet at 'C' 7.:;5 
(2H, JPH~ ~2.7 c.p.s., methylene group of the allyl radica~). 
Addition of D20 gave similar spectrum with the disappearance of 
the Signal at ~ -~.87. These observations. indicated that the 
acidic product was allylbenzylphosphinic acid. 
Attempted Reaction of Tri-n-amylph0sphine Oxide with Sodamide 
and Benz0phenone: 
Tri-~-amylphosphine oxide (2.6 g., ~ mole), (dried over 
phosphorus pentaoxide at llOoC under vacuum :; mm. for three 
hours) and sodamide (2.8 g., 7 moles), were heated in dry 
toluene (:;0 m~.) for one hour before a solution of benzo-
phenone (~.8 g., ~ mole) in toluene (~5 ml.) was added. 
The mixture was stirred and heated under reflux for twelve 
hours, and worked up as described in the above procedure. 
Examination of the reaction mixture by p.m.r. and l.r. 
spectroscopy, by reaction with 2,4-dinitrophenyl hydrazine in 
methanol, and by thin layer chromatography analysis, indicated 
no reaction had taken place •• 
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The above reaction when repeated with potassium 
!-butoxide, or metallic potassium gave the same result. 
Replacement of tri-!!,-amylphosphine oxide with trirnethyl-
or tri-!!,-octylphosphine oxides in the above reactions, showed 
no change. 
Attempted Reaction of Tri-n-amylphosphine Oxide/Magnesium 
Bromide Complex with Sodamide and Benzophenone: 
A solution of tri-!!,-amY'lphosphine oxide (2.7 g •• 1 mol.) 
was added to anhydrous magnesium bromide, prepared in ether 
from bromine and magneSium turnings in a nitrogen atmosphere. 
The mixture was stirred for two hours at room temperature. 
Ether and volatile products were removed under vacuum and ~e 
powdery residue was dissolved in toluene. SOdamide (1.4 g., 
3.5 mol.) was added and the stirred mixture w,-s refluxed for 
one hour, followed by addition of benzophenone (1.8 g., 1 mol.) 
and refluxing again for twelve hours. Again the starting 
materials were recovered unChanged. 
The above reaction was attempted with tri-!!,-octylphosphine 
oxide, and trimethylphosphine oxide. In each case, there was 
no detectable reaction. 
Reaction of Tri-n-octylphosphine Oxide with Benzophenone and 
= 
n-Butylli thium. 
!!,-Butyllith1um (0.64 g., 1 mol.) in diethyl ether (50 ml.) 
was added to tri-!!,-octylphosphine oxide (3.9 g., 1 mol.) in 
ether (75 ml.). The mixture was refluxed under a nitrogen 
atmosphere for two hours. Benzophenone (1.8 g., 1 mol.) in 
ether (15 ml.) was added, and the mixture was refluxed for 
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a further four hours. Dilute HOl {3%, 50 rnl.} was added 
and the phases were separated. The aqueous phase was 
extracted twice with benzene. The organic layer was combined 
with the extracts and dried over sodium sulphate. The solution 
was filtered off and the filtrate was concentrated under vacuum 
to a viscous residue (3.4 g., 6O'~). The infrared spectrum 
of this product (neat) showed main absorptions at 3265 (bd) 
3Q6O (w), 2920 (vs), 2860 (s), 1595 (w), 1490 (m), 1465 (s), 
1445 (s), 1145 {s}, 750 (s), and 700 cm-l(s}. The p.m.r. 
(COO13 ) consisted of aromatic signals centred at ~.'t2.7 
(10H, phenyl groups), a sharp singlet at 7: 3.7 (lH, OH proton), 
and mul tiplets centred at 't 8. 70 (~. 5OH, octyl groups). 
When the spectrum was re-run with the addition of D20, no 
signal att 3.7 was observed. 
On distillation part of the residue under vacuum, gave 
a colourless product b.p. 258-2630 at 0.3 mm, whose p.m.r. 
spectrum (CDC13 ) was similar to that run before distillation 
exctP; the integrated ratio of aromatic to hydroxyl and 
aliphatic protons changed from 10:1:50 to 10:0.65:50 
indicating 35% dehydration. The 'j P = 0 band shifted slightly 
4 -1 -1 from 11 5cm to 1135 cm • 
Reaction of the Adduct from Tri-~-octYlphosphine Oxide and 
Benzophenone with Bases: 
The adduct (0.6 g., 1 mol.) was heated in benzene {25 rnl.} 
in the presence of sodamide {0.2 g., 5 mol.} for twelve hours. 
The mixture was cooled, water was added (20 ml.) and the two 
phases were separated. Evaporation of the solvents from the 
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dried organio phase gave a visoous residue (0.5 g •• reoovery 
of 83%). whose p.m.r. speotrum (COO13 ) was found to be similar 
to that of the starting aloohol exoept no signal oorresponding 
to OH proton (at 't 3.7) was found. No isolatable aoidio 
Produot was found in the aqueous layer. 
The above reaotion was repeated with potassium t-butoxide. 
silica gel and with silVer nitrate (in methanol). The results 
were Similar to those with the sodamide reaotion. 
Reaotion of Tri-n-hexylphosphine Oxide with n-Butyllithium 
and Benzophenone 
The method desoribed for the preparation of the adduot 
formed from the reaotion of tri-~-ootylphosphine oxide with 
~-butyllithium and benzophenone was repeated here with 
tri-~-hexylphosphine oxide. The reaotion gave an oily liquid 
(85%). whose infrared speotrum (neat) showed main bands at 
3200 (b). 3Q6O (~I). 2950 (s). 2890 (s). 1665 (m). 1420. (s). 
1145 cm-l(s). The visoous liquid was dissolved in petroleum 
ether (60-80) and the solution when oooled to a temperature 
of 4C for one hour. produoed a white crystalline solid. '. 
This prooedure was repeated. till a carbonyl-free produot was 
obtained. m.p. 94-~ (51% yield). 
FOund: C. 76.65; H. 9.95; p. 6.25; 
Calcd. for C31H49P02: C. 76.85; H. 10.12; p. 6.40%. 
The p.m.r. spectrum (COO1
3
) consists of aromatic signals 
at 1! 2.73 (lOH). a sharp singlet at 1::. 3.15 (lH) and multiplets 
centred at 't.8.15 C.£!!;. 38H). Addition of D20 and re-running 
the spectrum gave Similar spectrum except no Signal at 
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Reaction of the Adduct with Bases 
1) The adduct was heated in dry' benzene overnight. 
Examination of the reaction mixture by thin layer chromatography 
on silica gel, eluting with a mixture of benzene and petroleum 
ether (1:1 v/v), showed one spot which had the same Rf value 
as the starting alcohol Rf= 0.53. The p.m.r. and i.r. spectra 
were identical with those of the starting material. 
2) Experiment 1 was repeated in the presence of sodamide. 
Investigation of the reaction products by thin layer chroma-
tography under the same conditions as used for experiment 1 
showed only one major component Rf =o.67. The i.r. spectrum 
showed no absorption in the region from 3060-3500 cm-l 
~) -1. Y P = 0 ll25 cm • The p.m.r. spectrum (CDC13 ) consists 
of aromatic signals at~ 2.76 (10H), and complex aliphatic 
bands centred at't 8.75 (~. 37). The p.m.r. of this material 
o 
was the same with that of the distillate (b.p. 187-195 0.075mm). 
Fbund: C, 79.61; H, 9.91; P, 6.25 
Calcd. for C31H4~ : C, 79.83; H, 10.09; P, 6.65~. 
3) The adduct, when heated in dry' tetrahydrofuran in the 
presence of potassium t-butoxide (5 hours), gave a product 
with physical properties sim1lar to those obtained in 
experiment 2. 
4) The adduct was dissolved in ethanol, to which a few drops 
of glacial acetic acid was added, and the reaction mixture 
heated under reflUX for one hour, caused dehydration. 
5) The adduct was dissolved in methanol and stirred 
overnight with AgN03' again showed some dehydration (35%). 
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Attempted Reaction of Di-n-hexyltrichloromethylphosphine Oxide 
with Sodamide and Eenzophenone: 
Heating a mixture of this phosphine oxide with benzophenone 
using equimolar proportions in toluene in the presence of excess 
sodamide for. twelve hours, resulted in the formation of d1-~­
hexylphosphinic acid (17~), m.p. 47_490 (crystallised from 
aqueous ethanol). The p.m.r. spectrum showed (in CDCl3 ) a 
broad singlet at 'to -0.67 (lH, OH proton) and multiplets between 
8.l-8.9~(20H), methylene groups of the two hexyl radicals) and 
a triplet at'! 9.1 (6H, methyl groups). When D20 was added, 
no signal at'Z:-0.67 was observed. 
Benzophenone and di(~-hexyl)trichloromethylphosphine oxide 
were recovered in 84 and 7~ respectively. 
Attempted Reaction of Di-n-hexyltrichloromethylphosphine 
= 
Oxide with n-Butyl1ithium and Benzophenone: 
A similar experiment to that described for the reaction 
of tri-~-octylphosphine with ~-butyl1ithium was repeated here 
o 
with the above tertiary phosphine oxide at -10 C using the 
following quantities: te~ iary phosphine oxide (2.96 g., 
1 mol.), ~-buty1lithium (0.64 g., 1 mol.) in ether (30 ml.). 
When the addition of ~-butyl1ith1um was complete, the reaction 
mixture was stirred at room temperature for 10 minutes before 
a solution of benzophenone (1.85 g., 1 mol.) in ether was added. 
The reaction mixture was worked up as described in the case 
of tri-~-octylphosphine oxide reaction with ~-buty11ithium 
and benzophenone. Evaporation of the solvents from the organic 
layer left a syrupy liquid (4.3 g.), whose i.r. spectrum showed 
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a weak band at 3215cm-l and a strong band at 1667 cm-l. The 
p.m.r. spectrum (CCl4 ) consists of bands at ~ 2.75, 8.1-8.85 
and 9.2. Addition of D20 and re-running the spectrum showed 
no change. 
Analytioal thin layer chromatography of the syrup on 
Kieselgel, eluting with a miXture of benzene and pet. ether, 
1:1, v/v, showed one major component together with at leas" 
5 minor components. Part of the syrup was subjected to 
preparative thin layer chromatography (3 x 100 cm x 20) 
cm. plates under the same conditions used in the analytica~ 
separation. The major band was removed and separated from 
the silica by extraction with chloroform. The chloroform was 
evaporated and the oily residue (79 mg.) crystallised on 
standing. Recrystallisation from n-heptane gave a white 
crystalline solid m.p. 54-570 • 
Fbund: C, 69.87; H, 12.53; P, 11.11 
Reaction of Tri-n-butylphosphine Sulphide-Carbanion with 
Benzophenone: 
Tri-!!.-butylphosphine sulphide (3 g., 1 mol.) reacted with 
!!.-butylli thium (0.96 g., 1 mol.) and then with benzophenone 
(2.5 g., 1 mol.) in a similar way to that described for the 
reaction of tri-!!.-octylphosphine oxide with !!.-butyllithium 
and benzophenone. Evaporation of the solvents from the organic 
layer, gave a semi-solid residue (4.7 g.). The product was 
y 
recrystall1sed from a miXture of benzene and petroleum ether 
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(60-80) at 4°C to give a colourless crystalline solid (4 g., 
73%), m.p. 151-1520. 
Fbund: C, 71.95; H, 9.01; P, 7.25; 
Calcd. for C2~370PS: C, 72,11; H, 8.89; P, 7.45%. 
The p.m.r. spectrum (CDC13 ) consists of a complex 
resonance between 2.1-2.9 (lOH, phenyl groups), a sharp 
singlet at 1: 3.43 (lH, OH proton) and multiplets between 
7.9-9.4't (.£!.. 26H, alkyl groups). Addition of D20, and 
re-running the spectrum,showed no singlet at 3.43 ~. The 
infrared spectrum showed strong absorption at 3290 cm-l , 
indicating the presence of hydroxyl group in the product. 
Reaction of the Adduct with Bases: 
1) The adduct was heated in dry benzene or toluene for six 
hours. Examination of the material by thin layer chromatography 
on silica gel, eluting with benzene showed one component having 
the same Rf value of the starting alcohol, Rf= 0.73. The p.m.r. 
and i.r. spectra were identical with those of the starting 
material. 
2) EXPlriment 1 was repeated in the presence of potassium 
t-butoxide. Investigation of the reaction mixture by thin layer 
chromatography under the same conditions as used for experiment 
1 showed two major components RfO.82 and RfO.71. Part of the 
solution was subjected to preparative layer chromatography gave 
7l mg. of the fast running spot (RfO.82) and 98 mg. of the 
slow band (RfO.71). The p.m.r. of the former (CDC13 ) cons~s 
of aromatic band at 'to 2.73 (10H) and multiplets between 
7.87-9.4 't(25H). 
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Found: C, 75.16; H, 8.43; p. 7.29 
Ca1cd. for C25H)5PS: C.75.37; H. 8.79; P, 7.79%. 
The p.m.r. and i.r. spectra and the melting point were 
identical with those of the starting material. 
3) The adduct was dissolved in methanol, treated with 
Silver nitrate and stibred overnight at room temperature, 
gave the dehydrated adduct (45%). No acidic product was 
observed. 
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